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ANNOTATION 

[Text]  The  work  is  devoted,  from  a  practical  standpoint,  to  very  Important 
problems — the  method  of  calculating  random  and  normal  seepage  strength  of 
earthfill  dams  and  their  foundations — the  solution  to  which  exertB  a  great 
Influence  on  the  basic  dimensions  of  the  structure,  its  strength  and  stabil¬ 
ity  and  the  economics  of  its  construction. 

The  principal  purpose  of  the  work  is  to  give  the  engineers  of  planning  and 
construction  organizations  modern  methods  of  calculating  and  evaluating  the 
seepage  strength  of  earth  structures  under  pressure,  systematically  presented 
and  convenient  for  practical  application. 


FOREWORD 

When  planning  and  constructing  earthfill  or  rockfill  dams,  a  solution  must  be 
£ound  to  the  problem  of  the  seepage  strength  of  the  soil  which  forms  the 
embankment  and  foundation  of  the  dam.  The  basic  dimensions  of  the  structure 
and  consequently,  its  cost,  depend  to  a  substantial  extent  on  the  solution  to 
this  problem. 

The  seepage  flow  in  the  embankment  of  the  dam  and  its  foundation  determines 
the  corresponding  seepage  forces  exerted  on  the  frame  (solid  phase  of  the 
soil).  These  forces,  on  the  one  hand,  may  contribute  to  a  reduction  in  the 
general  stability  of  the  slopes  of  the  dam  or  may  cause  so-called  local 
seepage  heaving,  and  on  the  other  hand,  these  forces  may  cause  seepage  defor¬ 
mation  of  the  soil  frame,  in  the  form  of  so-called  piping  and  silting. 

It  is  known  that  when  dams  are  designed,  safe  seepage  deformations  (for  ex¬ 
ample,  safe  piping),  which  cannot  cause  the  destruction  of  the  structure, 
must  be  discerned;  at  the  same  time,  dangerous  seepage  deformations,  which 
cause  the  destruction  of  the  above-mentioned  seepage  strength  of  the  earth 
must  also  be  discerned;  these  deformations  may  lead  to  the  total  destruction 
o'f  the  structure.  A  study  and  analysis  of  the  disasters  at  earth  dams  show 
that  about  80  percent  of  the  disasters  occurred  precisely  because  of  a  dis¬ 
turbance  in  the  seepage  strength  of  the  earth  of  the  embankment  or  foundation 
of  the  dam.  This  handbook  on  designing  earth  structures  exposed  to  pressure 
does  not  deal  with  the  problem  of  the  general  stability  of  earth  slopes  (for 
this  problem  see  the  "Instructions  on  Calculating  the  Stability  of  Earth 
Slopes,"  VSN  [Departmental  Construction  Norms]  04-71,  compiled  by  R.R. 

Chugayev  on  the  basis  of  his  scientific  research).  Only  problems  of  the 
seepage  strength  of  a  dam  in  the  above-explained  sense  are  discussed  below; 
calculation  of  the  local  seepage  heaving  is  also  explained  to  a  certain  extent. 

According  to  the  concept  of  R.R.  Chugayev,  adopted  in  SNIP  [Construction  Norms 
and  Regulations  [1]  and  the  norms  of  the  USSR  MES  [Ministry  of  Electric  Power 
Plants]  [14],  and  covered  in  detail  in  his  works  [2,  4],  the  following  should 
be  discerned  in  the  problem  of  the  seepage  strength  of  earth: 

a)  The  so-called  random  seepage  strength,  which  cannot  possibly  be  estimated, 
since  it  depends  on  the  mechanics,  and; 


b)  The  so>called  normal  seepage  strength,  which  may  be  calculated  on  the 
basis  of  the  laws  of  mechanics,  using  previously  known  limiting  and  Initial 
conditions. 

Especially  important  In  the  practical  respect  is  the  problem  of  the  random 
seepage  strength  of  an  earth  structure,  since  it  is  on  the  basis  of  calculat¬ 
ing  this  strength  that  the  principal  dimensions  of  earth  structures  must 
quite  often  be  designated,  for  example,  the  length  of  the  seepage  paths, com¬ 
pared  to  the  pressure  exerted  on  the  structure. 

With  respect  to  the  normal  seepage  strength,  on  the  basis  of  which  the  filter 
material  of  the  structures,  particularly,  is  often  planned  (which  is,  as  we 
know,  one  of  the  most  critical  elements  of  a  hydrauling  engineering  struc¬ 
ture),  the  material  given  below  uses  the  scientific  research  of  A.N. 

Patrashev,  M.P.  Pavchich,  G.Kh.  Pravednyy  and  V.N.  Zhilenkov  [6,  7,  8,  9, 

10,  11,  13]. 

The  main  purpose  of  this  manual  is  to  make  available  to  practicing  engineers 
modern  methods  of  evaluating  the  seepage  strength  of  earth  structures  exposed 
to  pressure,  systematically  presented  and  convenient  for  practical  applica¬ 
tion. 

This  "Manual  for  Calculating  the  Seepage  Strength  of  Earthfill  Dams,"  was 
compiled  at  the  Laboratory  of  Hydraulic  Engineering  Earth  Installations  by 
G.Kh.  Pravednyy,  senior  scientific  associate,  candidate  of  technical  sciences. 


PART  1. 

GENERAL  CONDITIONS 

1.1  Range  of  Application 

This  "Manual"  extends  to  the  planning  and  construction  of  earth  dams  and  is 
designed  for  checking  the  seepage  strength  of  the  cross  sections  (sections) 
of  a  dam. 

The  seepage  strength  of  cross  sections  of  a  dam  should  be  checked  with  regard 
to  the  design  accepted  for  the  dam,  the  geological  structure  of  the  founda¬ 
tion  and  the  physical  characteristics  of  the  soil. 

The  definitive  dimensions  of  the  dam,  as  well  as  the  shapes  and  dimensions 
of  the  underground  contour  of  the  dam  should  be  substantiated  by  the  appro¬ 
priate  calculations,  Including  estimates  of  the  seepage  strength. 

To  be  taken  into  consideration  when  estimating  the  seepage  strength  are: 

1)  The  random  seepage  strength  of  the  earth  of  the  embankment  of  the  dam  and 
the  earth  of  the  foundation,  which  may  be  disturbed  in  some  places,  not  known 
in  advance,  in  the  longitudinal  section  of  the  dam,  for  the  following  reasons: 
in  the  process  of  carrying  out  the  work,  by  uneven  settlement  of  the  dam,  and 
nonhomogeneity  of  the  earth,  not  taken  into  consideration,  etc.,  which  may 
result  in  the  formation  of  lateral  movements  (cracks)  of  concentrated  seepage 
in  the  embankment  of  the  dam  or  its  foundation.  On  the  basis  of  estimating 
the  random  seepage  strength  of  the  earth  of  the  embankment  of  the  dam  and  Its 
foundation,  the  following  dimensions  are  established  for  an  earth  dam:  the 
length,  which  determines  the  placement  of  the  drain  for  the  downstream  shell 
of  the  dam,  the  thickness  of  the  core  or  facing  shield,  the  Impervious 
blanket,  etc.  This  calculation  should  be  made  on  the  basis  of  the  greatest 
possible  pressure  exerted  on  the  structure,  in  accordance  with  the  method 
(suggested  by  R.R.  Chugayev)  of  the  controlling  pressure  gradient  (as  a 
certain  characteristic  pressure  gradient  for  the  entire  seepage  area  or  part 
of  it).  The  foundation  and  embankment  of  the  dam  should  be  taken  into  con¬ 
sideration  Individually  when  making  these  calculations: 


2)  The  normal  seepage  strength  of  the  earth  in  the  embankment  of  the  dam 
and  the  earth  of  the  foundation,  which  may  be  disturbed  in  a  number  of  the 
spots  known  to  be  weakest  in  the  cross  section  of  the  structure,  for  example: 
at  the  contact  surfaces  of  the  fine  and  coarse  soils  which  form  the  founda¬ 
tion  for  the  actual  embankment  of  an  earth  dam;  in  the  area  where  the  seepage 
flow  emerges  into  the  tailwater,  where  there  may  be  either  seepage  heaving  of 
the  earth  or  external  or  internal  piping  in  the  embankment  of  the  earth  dam 
or  the  soil  of  the  foundation;  when  the  seepage  flow  emerges  into  the  filter 
layer  of  the  drain  or  the  transitional  zone,  etc.  It  is  recommended  that  the 
normal  seepage  strength  of  the  soil  of  the  foundation  of  earth  dams  and  their 
members  be  calculated  according  to  the  method  given  below. 

If  the  seepage  strength  of  the  structure  or  its  individual  structural  members 
is  not  guaranteed,  appropriate  engineering  measures  should  be  stipulated  to 
strengthen  the  structure  or  its  individual  members. 

1.2.  Accepted  Terms  and  Designations 

It  is  recommended  that  the  following  terms  and  letter  designations  be  adhered 
to. 

Basic  Terms 

Seepage  deformations  of  the  soil — deformations  of  the  solid  phase  of  the  soil, 
caused  mainly  by  the  forces  of  hydraulic  action. 

Dangerous  seepage  deformations— seepage  deformations  which  may  result  in  the 
destruction  of  the  structure. 

Safe  seepage  deformations — seepage  deformations  which  in  time  cease  and  do 
not  threaten  the  safety  of  the  structure,  among  which  are  included,  for 
example,  negligible  erosion  or  deposit  of  fine  dusty  soil  particles,  observed 
in  the  initial  period  of  operation  of  earthen  structures. 

Piping — a  change  in  the  granulometric  composition  and  structure  of  the  soil, 
as  the  result  of  individual  particles  within  the  soil  being  shifted  by  the 
seepage  flow,  or  being  carried  away,  or  the  dissolving  of  the  water-soluble 
salts  contained  in  the  soil,  or  their  washing  away,  as  a  result  of  which  the 
strength  of  the  soil  may  be  disturbed. 

Mechanical  piping — a  breaking  away  or  shift  within  the  soil,  or  removal  of 
individual  particles  of  its  mass,  resulting  from  the  action  of  the  seepage 
flow. 

Internal  mechanical  piping— a  shifting,  caused  by  the  seepage  flow,  within 
the  soil,  of  fine  particles  of  it. 

External  mechanical  piping— the  removal  by  the  seepage  flow  of  individual 
particles  of  soil  lying  on  the  surface  of  the  earth  mass. 


Dangerous  mechanical  piping — the  breaking  away,  shifting  and  removal  by  the 
seepage  flow  of  fine  particles  and  particles  of  the  framework  of  the  earth 
in  an  amount  which  disturbs  its  strength. 

Silt  deposition — the  depositing  in  the  pores  of  the  soil  of  fine  particles 
carried  by  the  seepage  flow  (internal  silting)  or  their  deposit  on  the  sur¬ 
face  of  the  earth  mass  (surface  silting). 

Contact  erosion — the  erosion  of  fine  or  cohesive  (clayey)  soil  upon  contact 
with  coarse  soil  (or  filter  soil)  due  to  longitudinal  seepage. 

Heaving  (percolation) — the  breaking  away  and  shifting  of  a  certain  amount  of 
soil,  due  to  the  combined  force  of  hydraulic  action. 

Seepage  strength  of  the  soil — the  capacity  of  the  soil  to  resist  the  occurrence 
of  dangerous  seepage  deformations  of  its  framework  (piping,  contact  erosion, 
peeling  off  of  cohesive  soil,  seepage  heaving. 

Framework  of  the  soil — the  aggregate  of  its  particles,  receiving  and  trans¬ 
mitting  the  action  of  external  forces  which  ensure  the  strength  and  support¬ 
ing  capacity  of  the  soil. 

Soil  filler — particles  located  in  the  pores  of  the  soil  framework. 

Piping  soil — soil  in  which  mechanical  piping  may  occur  and  develop  when  the 
seepage  rates  exceed  the  critical  rates. 

Non-piping  soil —  soil  in  which  mechanical  piping  is  impossible. 

Contact  area  of  soils — the  area  including  the  boundary  of  two  adjacent  soils 
differing  in  their  granulometric  composition,  determined  by  the  depth  of  the 
possible  penetration  of  the  particles  of  one  soil  into  another. 

Stratification  of  soil — the  separation  of  coarse  particles  from  fine  ones, 
taking  place  in  the  transporting  and  pouring  of  the  soil. 

Peeling  off  of  the  soil — the  breaking  away  from  the  mass  of  aggregates  of 
particles  of  cohesive  (clayey)  soil  in  the  contact  zone  (in  the  pores)  of 
coarse  soil  or  the  soil  of  the  filter  material. 

Drain — a  device  designed  to  Intercept  and  lower  the  level  or  pressure  of 
ground  waters,  and  also  to  carry  away,  in  an  organized  manner,  the  water 
which  has  seeped  into  the  drain. 

Filter  material  [reverse  filter]— a  layer  of  sandy-gravel-pebble  and  rubble 
soils  or  synthetic  materials,  protecting  the  non-rocky  soil  of  the  structures 
from  mechanical  piping,  and  in  some  cases  also  from  seepage  heaving. 


Transitional  zone — the  transitional  layer  (layers)  of  soil  material  between 
the  core  (earth  shield)  and  the  fills  of  the  dam,  ensuring  seepage  strength 
for  the  core  (shield),  as  well  as  the  Impermeability  of  the  actual  material 
of  the  transition  zone  into  the  pores  of  the  material  of  the  dam  fill. 

Water  confining  stratum — a  practically  water-impervious  layer  of  soil,  under¬ 
lying  the  pervious  foundation  of  the  dam. 

Letter  Designations 

yp — volumetric  weight  of  dry  soil; 

A  — specific  gravity  of  material  of  soil  particles; 

d — diameter  of  soil  particles; 

dl0. .  .d17. .  .d65— diameters  of  soil  particles,  the  smallest  of  which  in  its 
compcsition  may  be  present  as  10. . .17. . .60%  by  weight; 
del — diameter  of  (piping)  particles  of  soil  which  may  be  carried 
away  by  the  seepage  flow; 

Yi  "  4^" — coefficient  of  variation  in  grain  size  of  the  soil; 
a  1  9 

n — porosity  of  the  soil  (in  portions  of  a  unit); 

e — coefficient  of  porosity' 

k — coefficient  of  soil  seepage* 

D0,  d0 — average  size  (diameter)  of  the  seepage  course  (pores)  in 
coarse  and  fine  soils; 

Qmax  ^  jmax  — diameter  of  the  maximum  seepage  course  (pores)  in  coarse  and 
fine  soils; 

W — moisture  content  of  the  soil,  in  %; 

Wf — flowability  limit  of  the  soil; 

Wp — build-up  limit  of  the  soil; 

W — plasticity  number  of  the  soil; 

G — coefficient  of  water  saturation  (moisture  content)  of  the 
soil; 

Yj$ — specific  gravity  of  the  water; 

V — coefficient  of  kinematic  viscosity  of  the  water; 

g — acceleration  of  the  force  of  gravity; 

Jkp»  okp — critical  pressure  coefficient  and  seepage  rate,  at  which 
mechanical  piping  occurs; 

J/tofr  U/fc,/7  — permissible  pressure  gradient  and  seepage  rate  (equal  to  the 
;  critical,  divided  by  the  safety  factor); 

6  — angle  between  the  directions  of  the  seepage  rate  and  the 
forces  of  gravity; 

X  —coefficient  of  inequality  of  distribution  of  particles  in  the 
soil,  or  the  coefficient  of  piping  localization; 

Re  — Reynolds  number; 

Z  — pressure  at  the  dam  (difference  in  the  water  level  lines  of 
the  headwater  and  tallwater;  when  there  is  no  tailwater, 
Z-hB); 

hjj  — depth  of  the  water  respectively  at  the  headwater  and  tail- 
water  ; 


T — deepening  of  the  surface  of  the  water  confining  stratum 
under  the  surface  of  the  foundation  of  the  dam; 
hi,  1*2 — deepening  of  the  surface  of  the  confining  stratum  respectively 
under  the  water  level  in  the  headwater  and  tailwater; 

Lyp — horizontal  distance  between  the  water  lines  of  the  head  and 
tailwater; 

?  — thickness  of  the  almost  impervious  barrier  (e>y— shield, 

— core,  — blanket...); 

Jk — active  pressure  gradient  (piezometric  gradient)  controlling 
the  random  seepage  strength  of  the  structure  in  question; 

(J^)fl  — permissible  value  of  J^. 

Other  letter  designations  are  explained  in  the  text. 


PART  2 

CALCULATING  THE  RANDOM  SEEPAGE  STRENGTH  OF  THE  SOIL 
OF  EARTH  HYDRAULIC  ENGINEERING  STRUCTURES 
BY  THE  METHOD  OF  THE  CONTROLLING  PRESSURE  GRADIENT* 

2.1  General  Conditions 

Calculations  of  the  random  strength  of  the  soli  of  a  structure  and  its 
foundation  should  amount  to  determining  the  maximal  permissible  length  of 
the  seepage  route  in  the  earthen  structure,  compared  to  the  pressure  exerted 
on  the  structure,  i.e.,  the  determination  of  a  length  of  the  seepage  route 
which  eliminates  the  possibility  of  uncovering  the  courses  of  concentrated 
seepage . 
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Figure  1.  Diagram  of  an  Earth  Dam 

1 — embankment  of  the  dam;  2 — foundation  of  the  dam; 

3 — drainage;  A-B — conditional  line  of  flow,  separating 
the  seepage  areas  of  the  embankment  and  foundation  of 
dam;  ( — length  determining  the  location  of  the  drain 

On  the  basis  of  calculating  the  random  seepage  strength  of  the  soil,  the 
main  dimensions  of  the  earth  structure  under  pressure  are  established,  such 
as:  the  length,  £  ,  determining  the  location  of  the  drain  of  the  downstream 
shell  of  the  earth  dam  (Fig.  1);  the  thickness  of  the  core  or  shielding  face, 
and  also  of  the  blanket,  the  length  of  the  blanket  in  front  of  the  earth 
dam,  etc. 

*  These  calculations  are  made  according!  to  the  method  proposed  by  R.R. 
Chugayev,  presented  in  his  scientific  works  [2,  3,  4]. 


2.2  Fundamentals  of  Calculating  the  Random  Seepage  Strength.  Permissible 
Controlling  Pressure  Gradients  (1^)^ 

According  to  the  method  of  the  controlling  pressure  gradient.  It  Is  held  that 
the  random  strength  will' not  be  disturbed  on  condition  that  [2]: 

J,  <■  <•/«)*  (1) 

where  J,  is  a  certain  average  pressure  gradient  for  the  entire  seepage  area 
under  discussion,  or  for  part  of  it,  which  controls  the  random  strength  of 
the  given  earth  structure;  (.1^)^  permissible  value  of  the  controlling 

pressure  gradient. 

In  calculating  the  random  seepage  strength  according  to  the  formula  (1) , 
separate  consideration  should  be  made  of  the  embankment  of  the  dam  and  its 
foundation  (Fig.  1),  located  below  the  conditional  horizontal  line  A-B, 
which  separates  the  seepage  area  into  the  two  parts  mentioned  above. 

The  permissible  controlling  pressure  gradients (J.)  ,  should  be  taken:  for 
the  foundation  of  the  earth  dam,  according  to  Table  1,  and  for  the  embankment 
of  the  earth  dam — according  to  Table  2. 


Table  1.  Permissible  Piezometric  Gradients  (J,  ),  Controlling  the  Random 

Strength  of  the  Soil  of  a  Dam  Foundation  (approved  SNIP  11-1,  12-67) 


Class 

of  structure  by  durability 

rtranaacion  son 

I 

II 

III 

IV-V 

Dense  clay  . 

0.70 

0.80 

0.90 

1.10 

Coarse  sand,  gravel  . 

0.35 

0.40 

0.45 

0.54 

Loamy  clay  . 

0.32 

0.35 

0.40 

0.50 

Sand  of  average  coarseness  . 

0.22 

0.25 

0.28 

0.35 

Fine  sand  . 

0.18 

0.20 

0.22 

0.26 

Table  2.  Permissible  Piezometric  Gradients  (J.  ) 

.  Controlling  the 

Random 

Strength  of  the  Embankment  of 

an  Earth  Dam  and 

the  Antiseepage 

Earth  Fill  of  Rock-Earth-Fill 

Dams  (approved  SNIP  11-1, 

4-73) 

Class 

of  structure  by  durability 

Soils  forming  dam  embankment 

I 

II 

III 

IV-V 

Gravel-clay  mix  and  clay  .... 

.  .  1.5 

1.65 

1.8 

1.95 

Loamy  clay  . 

.  .  .  1.05 

0.15 

0.25 

1.35 

Sand  of  average  coarseness  .  .  . 

.  .  .  0.70 

0.80 

0.90 

1.00 

Sandy  loam . 

.  .  .  0.55 

0.65 

0.75 

0.85 

Fine  sand  . 

.  .  0.45 

0.55 

0.65 

0.75 

1 


For  soil  facings,  cores  made  of  gravel-clay  mix,  clay  and  loam,  in  accordance 
with  SNIP  11-1.4-73,  "Earth  Dams.  Planning  Norms,"  the  numerical  values  of 
should  be  taken  as: 

a)  For  earthfill  dams,  Jk“4-10; 

b)  For  rock-ear thf ill  dams,  Jj^-b; 

c)  For  the  blanket,  should  be  not  more  than  10-12, 

Calculations  of  the  random  seepage  strength  of  the  soil  of  earth  dams  made 
according  to  formula  (1)  are  verif icational  in  nature,  and  moreover,  having 
a  preliminarily  outlined  (or  existing)  section  of  the  dam,  we  establish  the 
values  of  and  (J^)^  for  its  embankment  and  foundation,  and  then  check  the 
given  section  in  accordance  with  formula  (1) . 

The  value  of  should  be  determined  by  means  of  the  following  methods  [2]: 

1)  The  method  of  separating  the  embankment  of  the  dam  from  its  foundation 
by  a  horizontal  flow  line;  in  this  case,  as  was  noted,  Jfc  should  be  calcu¬ 
lated  separately  for  the  embankment  of  the  dam  and  for  its  foundation; 

2)  The  method  of  the  "straight  line  of  the  depression":  this  method  should 

be  used  mainly  to  determine  with  respect  to  the  embankment  of  the  dam; 

3)  Virtual  methods  and  the  method  of  the  extended  contour  line;  as  a  rule, 
this  method  should  be  used  to  determine  with  respect  to  the  foundation 
of  the  dam. 

To  be  assumed  as  the  estimated  water  level  in  the  reaches  are:  in  the  head¬ 
water,  NPU  (normal  supported  level),  and  in  the  tailwater,  the  lowest  water 
level . 

Note.  With  a  dry  tailwater,  the  water  level  of  the  tailwater  should  be 
considered  as  coinciding  with  the  surface  of  the  bottom. 

2.3.  Determining  for  the  Embankment  of  the  Dam. 

1°.  Uniform  dam  embankment.  When  discussing  a  uniform  dam  embankment 
(Fig.  2),  we  separate  it  from  the  foundation  by  a  horizontal  flow  line  A-B. 
After  this,  not  being  concerned  with  the  water  seepage  in  the  foundation,  we 
use  the  following  methods  to  determine  for  the  dam  embankment. 

a)  If  the  drain  of  the  downstream  shell  of  the  dam  is  in  the  form  of  a 
stone  banquette  (Fig.  2, a)  or  in  the  form  of  a  pipe  drain  (Fig.  2,  b). 

In  this  case,  we  first  make  the  vertical  I-I  at  a  distance  equal  to  0.4hg 
from  the  headwater  line,  and  the  vertical  II-II  through  the  extreme  lefthand 
point  B  of  the  drain  (Fig.  2,  a,  b).  Next  to  be  fixed  is  point  M  of  the 


intersection  of  the  vertical  I-I  with  the  water  level  of  the  headwater  and 
point  N  of  the  intersection  of  the  vertical  II-II  with  the  line  0-0,  made  at 
the  water  level  of  the  tail  water.  After  this  we  derive  the  "straight  line 
of  the  depression,"  MN,  which  controls  the  random  strength  of  the  soil  of 
the  dam  embankment. 
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Figure  2.  Theoretical  Diagrams  of  Dams 

a — uniform  earth  dam  with  stone  banquette; 
b — same,  with  pipe  drain. 

The  value  of  in  this  case  will  be  equal  to 

'Z  Z  (2) 

rrwc* 

where  a  is  the  angle  of  incline  of  the  line  MN  to  the  horizon;  L-- the  esti¬ 
mated  width  of  the  dam;  hg — the  depth  of  the  water  in  the  headwater; 

L — the  horizontal  distance  between  the  water  line  of  the  headwater  and  the 
extreme  left  point  of  the  drain  (see  Fig.  2). 

b)  If  there  is  a  sloping  drain  or  no  drain  (Fig.  3).  Here,  in  contrast  to 
the  preceding  case,  the  vertical  II-II  is  made  at  a  distance  of  O.Ahg  from 
the  water  line  of  the  tailwater. 

The  value  of  is  calculated  from  the  formula 

+  (3) 

where  Lyp  is  the  distance  along  the  horizontal  between  the  headwater  and 
tailwater  line;  hH  is  the  depth  of  the  tailwater. 

When  hft-O,  the  "straight  line  of  the  depression*'  takes  the  form  of  a  straight 
line  MN'  (Fig.  3). 
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Figure  3.  Dam  With  Sloping  Drain 

— controlling  gradient  if  there  is 
a  sloping  drain;  J^' — if  there  is  no 
sloping  drain. 

(1)  — normal  supported  level 

(2)  — tailwater  level 

In  this  case  the  value  of  the  controlling  gradient  will  be 


where  L^'  is  the  space  along  the  horizontal  between  points  M  and  N*. 

c)  When  the  drain  is  placed  relatively  close  to  the  headwater;  there  is  no 
water  in  the  tailwater  (Fig.  4). 
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Figure  4.  Dam  With  Interior  Drain 
E^,  E^,  E — drain  locations 

In  this  case,  the  value  of  J.  is  determined  in  the  following  way:  two  paths 
A-E-  and  A-E, ,  should  be  drawn  from  point  A  of  the  actual  water  line  in  the 
headwater.  Path  A-E  makes  an  angle  of  45°  with  the  vertical;  path  A-E, 
makes  an  angle  of  90*  with  the  line  of  the  slope. 

1)  If  point  E  of  the  start  of  the  drain  lies  to  the  right  of  point  E. ,  then 
will  be  determined  according  to  the  formula  (2). 

2)  When  point  E  of  the  start  of  the  drain  lies  between  points  E^  and  E,,  th 
value  of  J.  should  be  determined  according  to  the  formula: 


-  «mp.i  m 


(5) 


where  1  is  the  distance  from  point  A  of  the  actual  water  line  to  point  E  of 
the  beginning  of  the  drain. 

3)  If  point  E  of  the  start  of  the  drain  lies  to  the  left  of  point  Ej,  the 
value  of  should  be  determined  according  to  the  formula: 

(6) 

where  1  is  the  length  of  the  perpendicular  dropped  from  the  initial  point  E 
of  the  Srain  to  the  line  of  the  upper  slope. 

2°  The  embankment  of  the  dam  with  a  core  or  shielding  face.  In  this  case 
two  values  should  be  determined  for  J.  :  a)  for  the  core  (J.L  or  the  shield 
(J^  and  b)  for  the  remaining  part  of  the  dam  embankment  (Jfc)T* 

As  a  result  of  the  corresponding  seepage  calculations  [2,  chapter  3;  5],  the 
amount  of  drop  of  the  free  surface  of  the  seepage  flow  at  the  core  or  shield 
is  determined — Z'  (Fig.  5). 
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Figure  5.  Dam  With  Core  and  Shield 

* 

Z* — drop  of  free  surface  of  seepage  flow; 

and  5 $  — thickness  of  the  core  and  the 
shield  (average) . 

After  this  the  value  of  (J^  or  (J^X,  Is  determined  according  to  the 
formulas: 

x  and  <'■>»«  TT  (7) 

where  and  ^  are  the  thickness  of  the  core  and  the  shield  (average). 

The  values  of  obtained  pertain  only  to  the  lower  part  of  the  core  or 
shield,  i.e.,  the  part  placed  below  point  a,  shown  in  Figure  5;  above  this 
point  the  values  of  will  be  lower. 


If  there  is  no  water  in  the  tailwater  of  the 
(J^)  conservatively  will  be: 


dam,  the  values  of  (Jj.)  and 


The  value  of  (Jk)j  in  the  structure  of  the  core  or  facing  should  be  deter¬ 
mined  as  indicated  in  paragraph  1°,  showing  in  Figure  5  (dotted  line  MN)  the 
straight  line  of  the  depression  MM  through  point  a,  and  selecting  point  M  as 
indicated  in  figs.  2-4  (depending  on  the  type  of  drain). 

2.4.  Determining  for  the  Foundation  of  the  Dam 

1°.  A  uniform  dam  foundation;  a  dam  without  a  cutoff. 

To  obtain  the  value  of  for  the  foundation  of  the  dam,  the  appropriate 
plotting  should  be  done,  using  the  method  of  an  extended  contour  line  [2,  4]. 
For  this  purpose  we  proceed  in  the  following  way  (Fig.  6).  We  designate  A 
and  B  as  the  extreme  points  of  the  base  of  the  dam.  We  carry  these  points 
along  the  vertical  respectively  to  the  water  level  of  the  head-  and  tail- 
waters,  and  thus  obtain  points  Aj  and  Bj_.  From  points  A^  and  B^,  respec¬ 
tively  to  the  left  and  the  right  we  plot  along  the  horizontal  segments 
0.44T long  and  obtain  points  A2  and  82*  We  connect  these  points  with 
a  straight  line,  A2B2 . 

After  this  we  outline  the  desired  piezometric  line  for  the  base  AB  of  the 
dam  in  the  form  of  a  broken  line  AiabB^. 
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Figure  6.  Dam  Without  a  Cutoff  on  a  Uniform  Foundation 

T^miC« — deepening  of  the  estimated  confining  stratum  (Tmci  *0.5L) ; 
AjabB^ — piezometric  line  for  the  base  of  the  dam  AB  (ab-Jk). 

The  line  ab  obtained  gives  the  desired  value  of  for  nonsloping  drainage, 
which  is  equal  to 


where  L  is  the  width  of  the  embankment  of  the  dam  along  the  bottom;  T^*« — 
the  deepening  of  the  estimated  confining  stratum,  the  value  of  which  may  be 
assumed  equal  to  0.5  L,  i.e.,  (Fig.  6): 
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if  a  »P*5  L. 
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then  T.  „ 
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In  the  case  of  drainage  different  from  the  sloping,  the  length  of  the  line 
AB,  shown  in  Figure  2,  a,b  and  in  Figure  3,  should  be  taken  as  the  value  of 
L  in  the  formula  (9). 


2°.  Uniform  foundation;  a  dam  with  a  partial  cutoff.  In  this  case  (Fig.  7), 
as  in  the  preceding  (paragraph  Is),  the  method  of  an  elongated  contour  line 
is  used.  Here,  however,  when  plotting  the  elongated  underground  contour  of 
the  dam,  turned  to  a  horizontal  straight  line  M'N',  in  addition  to  the 
length  of  the  horizontal  sections  of  the  contour  I^*  the  length  of  the 
vertical  sections  of  the  underground  contour  of  the  dam  embankment  is  also 
tfken  into  consideration. 


i.«as  (10) 


When  there  is  a  blanket  the  size  of  Lj  Increases  to  a  value  equal  to  the 
length  of  the  blanket — L  . 


Taking  into  consideration  th**?e  additions,  J  is  determined  from  the  formula 

(9),  where  instead  of  L,  the  values  L  «L,+L_  or  L  -L+L  are  substituted, 
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Figure  7.  Dam  With  a  Partial  Cutoff  on  a  Uniform  Foundation 

Lr — estimated  horizontal  length;  S — depth  of  the  cutoff; 

J  — thickness  of  the  cutoff. 

Following  from  the  above,  to  reduce  the  value  of  J.  in  this  case  the  depth  of 
the  cutoff  S  may  be  increased,  or  two  cutoffs  may  be  made,  for  example,  from 
almost  impervious  soil. 


The  value  of  (J,  )^  for  the  cutoff  Itself  may  be  determined  bj'  using  the  indi¬ 
cated  method,  after  determining  the  pressure  at  the  left  and  right  vertical 
edges  of  the  cutoff.  The  difference  in  the  pressures  at  the  left  and  right 
edges  of  the  cutoff  should  be  divided  into  its  actual  width,  <^i.e.,  we 

obtain  (J^)  *  ^  (bearing  in  mind  the  lateral  horizontal  seepage  of 

the  water  through  the  cutoff). 

3°.  Uniform  foundation;  a  dam  with  a  core  and  almost  impervious  cutoff, 
leading  to  the  confinement  stratum  (Fig.  8).  In  this  case,  to  determine  the 
value  of  J.  of  the  foundation,  the  soil  of  the  cutoff  should  be  brought  to 
the  soil  of  the  foundation. 
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Figure  8.  Dam  With  Core  and  Almost  Impervious  Cutoff,  Leading  to  Confining 
Stratum;  Uniform  Foundation 

kQ — coefficient  of  seepage  of  the  foundation  soil;  kj — 
coefficient  of  seepage  of  the  soil  of  the  cutoff. 

For  this  purpose  the  first  virtual  method  is  used,  when  the  water  seeps 
across  the  layers  [ 2 ] . 

In  this  case  the  virtual  length  (thickness)  of  the  soil  of  the  cutoff,  with 
a  coefficient  of  seepage  of  kj,  is  brought  to  the  coefficient  of  seepage  of 
the  soil  of  the  foundation  kQ,  and  may  be  determined  from  the  condition: 

(12) 

Therefore,  the  estimated  length  of  the  foundation  of  the  dam  will  be  equal 
to  (Fig.  8):  1,-1, '■Lvlr*0 ■ 88Test • 

The  value  of  for  the  foundation  of  the  dam  will  be  equal  to 


From  this  data  for  the  calculation,  the  value  of  (J.  )  may  be  determined  for 
the  soil  forming  the  cutoff  (paragraph  2*,  end). 
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4s.  Uniform  foundation;  the  dam  has  a  blanket  (Fig.  9).  In  this  case  the 
pervious  blanket  1^  long  is  replaced  by  an  absolutely  Impervious  blanket 
1«  long. 


Figure  9.  Dam  With  a  Blanket  on  a  Uniform  Foundation 

C 

1^ — length  of  the  blanket;  1,  — length  of  the  shortened 
equivalent  (impervious)  blanket;  h* — loss  of  pressure 
along  the  length  of  the  entire  foundation  of  the  blanket 

The  value  of  lj  is  determined  according  to  the  chart  in  Figure  10.  The  value 
of  Tr,  indicated  on  the  chart  should  be  defined  as  the  value  of  T^mt  =* 

-0.5  (l^+Lf) ,  where  ljr  is  the  length  of  the  actual  blanket;  L0  is  the  width 
along  the  bottom:  this  refers  to  the  depth  of  the  active  seepage  zone. 

The  given  thickness  of  the  designated  blanket  is  determined  from  the  rela¬ 
tionship: 


(14) 


where  ^  is  the  thickness  of  the  designated  blanket;  k*  and  kj — the  coeffici¬ 
ents  of  seepage  respectively  of  the  foundation  and  the  blanket. 


Next,  using  the  method  of  an  extended  contour  line,  we  construct  the  piezo¬ 
metric  line  for  the  base  AB  (Fig.  9).  For  this,  we  draw  a  vertical  I-I  from 
point  A  for  a  distance  of  0.44T^mc&  to  the  intersection  with  the  water  line 
of  the  headwater  and  at  a  distance  of  0.44  T^jur*  from  point  B,  the  vertical 
II-II  to  the  intersection  with  the  water  line  of  the  tailwater.  We  connect 
points  M  and  N  obtained  at  the  intersections  to  the  "straight  line  of  the 
depression,"  which  is  the  piezometric  gradient  controlling  the  random  strength 
of  the  soil  of  the  foundation  J^. 

Consequently,  in  this  case  the  value  of  will  be  (Fig,  9); 

•  as) 

The  distance  from  the  NPU  level  to  the  fixed  point  on  the  vertical  III- 
III,  passing  adjacent  to  the  blanket  toward  the  structure,  equal  to  h^, 
accounts  for  a  loss  of  pressure  along  the  length  of  the  entire  foundation 
of  the  blanket. 
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Figure  10.  Chart  of  R.R.  Chugayev  To  Determine  1  — the  Length  of  the 

Shortened  Equivalent  (Impervious)  Blanket 

1  — length  of  the  actual  pervious  blanket;  T  — actual 
deepening  of  the  confining  stratum  under  the”blanket 
base;  ^rp — given  thickness  of  the  blanket. 

A — impervious  blanket;  B — maximum  length  of  impervious 
blanket . 

Knowing  the  value  of  hg,  we  find  the  maximum  controlling  pressure  gradient 
for  the  soil  of  the  blanket: 

(16) 

where  is  the  thickness  of  the  actual  blanket. 

5°.  Nonuniform  foundation.  When  the  foundation  is  nonuniform,  formed  by  the 
horizontal  deposition  of  different  soils,  the  seepage  coefficients  of  which 
are  not  greatly  separated,  it  is  recommended  that  the  following  means  of 
calculating  be  adhered  to  in  evaluating  the  random  strength  of  the  foundation. 

The  value  of  the  controlling  pressure  gradient  should  be  determined  con¬ 
ventionally,  as  for  uniform  soil. 

The  value  of  I (Jk>d^ nonuniform  soilshould’  however»  be  reduced,  assuming: 


(17) 


[ nonuniform  soil  =  [ (J^jdjuniform  soil 

where  7 is  the  coefficient  of  reduction  (less  then  unity),  the  value  of  which 
should  be  assumed  depending  on  the  degree  of  nonuniformity  of  the  adjacent 
fine  and  coarse  soils  and  the  danger  of  piping  occurring. 

Taking  the  above  into  consideration,  the  permissible  controlling  pressure 
gradient  [  (Jj^juniform  soil  should  be  adopted  in  accordance  with  Table  1, 
for  the  finestcoraposition  of  the  soil,  forming  the  foundation  with  regard 
to  (3.3,  paragraph  4°,  a,b  and  3.4). 

2.3  Seepage  in  the  Embankment  of  the  Dam  to  the  Bypass  of  the  Cutoff 
(Not  Finished  on  Top  by  a  Core  or  Shielding  Face) 

If  there  is  an  extremely  pervious  underlying  layer  in  the  foundation  of  the 
dam,  the  layer  is  as  a  rule  intersected  by  a  cutoff,  made,  for  example,  from 
clayey  material. 


Figure  11.  Dam  With  a  Cutoff,  not  Completed  at  the  Top  by  a  Core  or  Shield 

1 — cutoff,  intersecting  the  pervious  underlying  layer  of  the 
soil  of  the  foundation;  — deepening  in  the  embankmen*-  of  the 
dam;  2 — curve  of  the  depression. 

In  avoiding  seepage  to  the  bypass  of  the  cutoff  at  the  top  (Fig.  11),  this 
cutoff  almost  always  is  augmented  by  a  core  or  diaphragm,  going  as  far  as 
the  crest  of  the  dam  (Fig.  8,  paragraph  3°). 

In  some  cases  the  cutoff,  obstructing  the  pervious  foundation,  does  not  reach 
the  crest  of  the  dam,  and  remains  at  a  certain  level  in  the  dam  embankment 
(Fig.  11). 

In  this  case  the  seepage  strength  of  the  joint  and  the  amount  (S.  size)  of 
the  deepening  of  the  cutoff  in  the  dam  embankment  must  be  evaluated. 

The  following  procedure  is  used  to  solve  the  problems  posed. 

Disregarding  losses  of  pressure  in  the  layer  of  the  foundation  (resulting 
from  the  great  perviousness  of  this  layer),  we  assume  that  there  is  a  pressure 


in  area  A  which  corresponds  to  the  pressure  of  the  headwater,  and  in  area  B 
— a  pressure  corresponding  to  the  pressure  of  the  tailwater. 

Next,  at  approximately  the  level  of  the  depression  curve  (above  the  cutoff), 
a  horizontal  I-I  is  made,  considering  that  this  horizontal  is  the  lower  sur- 
face  of  the  confining  stratum  conceived,  above  this  line. 

Then  the  dam  should  be  turned  180°  downward  at  the  crest  (as  shown  in  Fig.  11, 
b).  The  result  is  that  we  have  replaced  the  diagram  of  Fig.  11, a  by  an 
analogous  theoretical  diagram,  shown  in  Fig.  11, b. 

The  theoretical  diagram  presented  in  Fig.  11,  b  corresponds  to  the  diagram  of 
the  underground  contour  in  the  form  of  a  pure  sheet  pile,  cut  quite  deeply 
into  the  soil. 

In  this  case  the  maximal  outer  gradient  J for  the  surface  of  the  bottom  of 
the  tailwater  is  a  value  characterizing  the  entire  seepage  flow  in  general, 
i.e.,  the  principal  seepage  area,  which  is  of  interest  (excluding  the  sharp 
sheet  piles)  when  examining  the  random  seepage  strength  of  the  foundation. 

Taking  the  above  facts  into  consideration,  the  value  Jei/)(may  be  taken  as  the 
controlling  gradient  for  the  pure  sheet  pile,  i.e. 

<18> 

The  value  of  (and  consequently,  also  of  J^)  is  determined  from  the  fol¬ 

lowing  formula  [4]: 


(19> 

If,  calculated  from  the  formula  (19),  Jfc^(Jk)#  f°r  the  given  soil  of  the  dam 
embankment,  this  indicates  that  the  size  of  the  cutoff  is  designated 
correctly. 

Otherwise,  the  value  of  should  be  changed,  and  may  be  determined  from  the 
equation  (19).  In  this  case,  in  equation  (19),  instead  of  J^,  the  value 
(Jk)*  should  be  substituted  for  the  given  material  of  the  dam,  and  it  should 
be  solved  relative  to  Sj_. 


The  value  of  S£i  shown  in  Fig.  11,  a,  may  be  determined  by  the  above  method. 
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PART  3 

CALCULATING  THE  NORMAL  SEEPAGE  STRENGTH  OF  THE  SOIL 
OF  THE  DAM  EMBANKMENT  AND  THE  SOIL  OF  THE  FOUNDATION 

3.1  General  Conditions 

The  seepage-piping  strength  of  the  soli  (or  the  earth  structure)  Is  the  term 
given  to  the  capacity  of  the  soil  to  withstand  seepage  deformations. 

The  seepage-piping  strength  of  the  soil,  which  may  be  disturbed  In  a  number 
of  places,  known  to  be  the  weakest,  in  the  cross  section  of  the  structure 
(dam),  is  called  the  local  seepage  strength. 

The  seepage  deformations  of  the  soil  are  also  the  term  given  to  the  deforma¬ 
tions  of  its  solid  phase  which  arise  chiefly  by  virtue  of  hydraulic  action 
and  result  from  piping,  silting,  contact  erosion,  heaving,  etc. 

A  distinction  should  be  made  between  safe  seepage  deformations,  which  cease 
in  time  and  do  not  threaten  the  integral  structure,  and  dangerous  seepage 
deformations,  which  may  lead  to  the  destruction  of  the  structure. 

Safe  seepage  deformations  (in  the  form  of  safe  piping  and  silting)  are  always 
to  a  certain  extent  observed  in  a  soil  mass  at  the  initial  period  of  its 
development . 

An  analysis  of  the  seepage  situation  in  earth  and  rockfilled  dams  and  their 
foundations  (section  3.2)  shows  that  if  there  is  seepage,  the  seepage  flow 
will  interact  with  various  elements  of  the  dam  and  may  create,  given  the 
appropriate  hydrodynamic  conditions,  corresponding  seepage-piping  deformations, 
mentioned  in  section  3.2. 

The  seepage-piping  strength  of  any  element  of  the  dam  (blanket,  core,  shoring, 
drainage,  etc.)  depends  mainly  on  the  value  of  the  acting  pressure  gradients 
(Fig.  12)  and  on  the  seepage-piping  properties  (extent  of  piping,  cohesive- 
ness,  granulometric  composition,  etc.)  of  the  soil. 


Consequently,  in  order  to  avoid  disturbing  the  seepage-piping  strength  and 
the  stability  of  any  element  of  the  dam,  and  consequently  the  structure  as  a 
whole,  the  following  basic  condition  should  be  fulfilled: 


where  is  the  pressure  gradient  in  the  area  of  the  dam  element  undnfer  dis¬ 
cussion  or  in  its  foundation  (Fig.  12);  is  the  permissible  pressure 

gradient  for  the  given  specific  case: 
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Figure  12.  Possible  Seepage-Piping  Deformations  in  Earth  and  Rockfill  Dams 
and  Their  Foundations, 

a — uniform  dam  on  a  stratified  foundation;  b — rockfill  dam  on  a 
rock  fourdation;  — gradient  of  piping  in  the  dam  embankment, 

in  the  soils  of  the  foundation;  — heaving  gradient  of  the  con¬ 
tact  erosion  (embankment  of  the  dam-foundation;  between  the  layers 
of  the  foundation;  rock-soil  of  the  dam  foundation,  etc.);  — 
heaving  gradient  of  the  soil;  J g* — input  gradient  of  the  seepage 
flow  to  the  drain;  Jp — pulsation  gradient  in  the  seepage  prepara¬ 
tion  (from  the  rise  and  fall  of  the  wave);  B— area  of  local  soil 
heaving  if  the  depression  curve  emerges  on  the  slope;  A — junction 
of  the  cohesive  and  noncohesive  soils  of  the  foundation;  — 
estimated  (maximum)  outcrop  gradient  at  the  water  level  of  the 
tallwater;  a — angle  of  incline  of  the  lower  slope  of  the  core  to 
the  horizon;  1 — run-up  of  wave;  2— confining  stratum;  3~drain 
(vert.);  4 — headwater  level;  5 — tailwater  level. 

Here  J^^should  be  less  than  J^p,  in  consideration  of  the  safety  factor,  kj^ 

i.e. 


(21) 


It  follows  from  the  above  that  a  disturbance  in  the  seepage-piping  strength 
may  take  place  if  the  conditions  (20)  and  (21)  are  not  observed. 

Guided  by  the  above  conditions,  one  should  in  each  specific  case: 

% 

a)  Establish  the  principal  forms  of  seepage-piping  deformations,  which  may 
occur  in  the  process  of  seepage  in  the  given  structure  and  its  structural 
members  under  the  given  specific  conditions; 

h)  Determine  their  quantitative  values,  which  should  be  the  initial  data 
and  criteria  in  evaluating  the  soil  material  and  in  planning  the  designs 
and  dimensions  of  the  antiseepage  devices. 

In  general  the  following  basic  problems  should  be  solved: 

a)  Determining  the  geophysical  and  theoretical  characteristics  of  the  soil 
of  the  earth  structure  and  its  foundation  being  discussed; 

b)  Determining  the  piping  tendency  (lack  of  piping  tendency)  of  the  soils 
under  consideration; 

c)  Determining  the  critical  (local)  gradients  of  piping,  contact  erosion, 
heaving,  outcropping,  etc.; 

d)  Determining  the  dimensions  of  the  piping  particles  (dci)  of  the  soil,  and 
the  number  of  them,  removed  by  the  seepage  flow,  depending  on  the  amount  of 
the  active  pressure  gradients; 

e)  Establishing  the  permissible  and  theoretical  pressure  gradients  and  the 
permissible  percentage  of  removal  from  the  soil  under  discussion  of  fine 
piping  particles,  the  removal  of  which  does  not  disturb  the  strength  and 
stability  of  the  members  of  the  structure  as  a  whole. 

When  the  seepage-piping  strength  of  the  structure  or  its  individual  structural 
elements  is  not  ensured,  appropriate  efficient  engineering-structural  measures 
should  be  outlined  and  carried  out  to  strengthen  the  planned  or  existing 
structure  or  its  individual  elements  ,  so  that  its  reliability  and  durability 
are  ensured  both  in  the  period  when  it  is  put  into  operation  and  in  the  pro¬ 
cess  of  its  further  prolonged  operation. 

3.2  Basic  Types  of  Seepage  Deformations  in  Earth-  and  Rockfill  Dams 

Figure  12  shows  the  cross  sections  of  earth-  and  rockfill  dams,  from  which  it 
follows  that,  depending  on  the  structure  of  the  dam  and  its  members,  the 
composition  of  the  soil  of  the  dam  embankment,  and  on  the  soil  of  the  founda¬ 
tion  and  its  construction,  given  the  effect  of  seepage  flow  on  the  structure, 
there  may  be  (with  certain  hydrodynamic  conditions)  corresponding  seepage¬ 
piping  deformations  in  both  the  embankment  of  the  dam  itself  and  in  its 
foundation,  and  in  the  individual  structural  members. 


The  following  types  of  seepage  deformations  of  the  soil  may  occur  in  earthen 
hydraulic  engineering  structures. 

1)  Piping  of  the  soil  of  the  embankment  of  the  dam  and  the  soil  (soils)  of 
the  foundation.  Fig.  12,  a — Jc ^  (see  section  1.2 — piping). 

In  the  process  of  piping  (interior)  the  soil  of  the  dam  embankment  or  the 
soil  of  the  foundation  may  also  be  silted,  when  the  fine  particles,  moving 
in  the  pores  of  the  soil,  are  not  carried  through  the  mass  of  the  soil,  but 
are  deposited  in  some  area  of  the  soil  mass. 

Piping  may  occur  at  the  contacts  of  coarse  and  fine  soils — contact  piping 
(see  Fig.  12,  a,  Je^  slanted  arrow). 

In  this  case  both  contiguous  soils  may  also  be  nonpiping  soils.  Given  cer¬ 
tain  relations  between  the  granulometric  compositions  and  the  hydrodynamic 
conditions,  however,  the  contact  between  them  may  be  characterized  by  great 
seepage  deformations. 

To  establish  the  presence  and  determine  the  amount  of  seepage-piping  deforma¬ 
tions: 

a)  The  degree  of  piping  of  the  soils  of  the  embankment  and  foundation  of  the 
dam  should  be  established,  i.e.,  it  should  be  established  whether  the  given 
soils  are  piping  or  nonpiping  soils  (see  3.3,  paragraph  2°); 

b)  If  it  turns  out  that  the  soils  are  piping  soils,  the  value  of  the  critical 
piping  gradients  should  be  determined  and  compared  with  those  in  the 
given  structure  [taking  into  consideration  (20),  (21)  and  3.3,  paragraph  3°], 
i.e.,  it  should  be  established  whether  in  the  given  case  for  the  structure 
the  piping  and  seepage  deformations  are  dangerous  or  safe; 

c)  The  problem  should  be  solved  as  to  the  need  for  taking  appropriate 
engineering  measures  to  ensure  the  seepage  strength  of  the  structure. 

2)  The  contact  erosion  of  the  soil  of  the  dam  embankment  (core)  and  the 
soil  of  the  foundation.  Fig.  12, a,  b — J^. 

In  hydraulic  engineering  structures  and  their  foundations,  contacts  may  be 
encountered  between  the  fine  and  coarse  soils.  For  example,  the  soil  of  the 
embankment  of  the  dam  and  the  soil  of  the  foundation,  between  the  layers  of 
the  foundation  soils  (Fig.  12, a — J.),  the  soil  of  the  core  of  the  dam  and 
the  soil  of  the  first  layer  of  the  rilter  of  the  transition  zone  (Fig.  12, 

b~jk>. 

The  following  types  of  contact  erosion  should  be  distinguished: 

a)  Fine  soil — coarse  soil; 

b)  Clayey  (eohesive)  soil — coarse  soil; 


c)  Fine  or  clayey  (cohesive)  soil — fissured  rock  (Fig.  12,a,b;  see  area 
A  and  B) . 

Due  to  the  action  of  the  seepage  flow  proceeding  in  the  coarse  soil  or  in  the 
fissured  rock  of  the  foundation  (Fig.  12, b),  with  the  appropriate  hydrodynamic 
conditions  and  coarseness  of  the  granular  compositions,  the  fine  soil  may 
undergo  contact  erosion,  as  the  result  of  which  seepage  deformations  may 
take  place  in  the  contact  zone,  and  in  some  cases,  significant,  and  dangerous 
for  the  strength  and  stability  of  the  structure. 

In  this  case  the  intercontacting  soils  should  be  checked  for  the  possibility 
of  contact  erosion,  taking  into  consideration  the  given  hydrodynamic  con¬ 
ditions,  so  that  the  value  and  size  of  the  possible  deformations  may  be 
established,  and  the  appropriate  measures  may  be  outlined  for  their  pre¬ 
vention  (or  elimination),  if  there  is  need  of  this  (see  3.3,  paragraph  4°). 

3)  Local  seepage  heaving  of  the  soil,  when  a  certain  amount  of  soil  may 
break  away  and  shift  due  to  seepage  forces  (Fig.  12, a — J Btin  or  at  point  a). 

This  type  of  seepage  deformations  may  occur  in  the  practical  work  of  hydro¬ 
engineering  construction  when  the  dam  is  situated  on  a  relatively  thin  layer 
of  clayey  or  almost  Impervious  soil,  and  under  the  layer  of  clayey  or  almost 
impervious  soil  there  is  a  sandy  layer  with  relatively  high  perviousness. 

Fig.  12, as  layer  I — clayey,  layer  II — sandy. 

If  there  is  no  drain  at  the  downstream  shell  of  the  dam,  or  when  the  drain 
of  the  downstream  shell  of  the  dam  has  silted  up  (or  become  clogged  during 
the  runoff  of  water  along  the  slope) ,  the  depression  curve  can  be  wedged 
out  at  the  lower  slope  (Fig.  12, a;  point  "a").  In  this  case  local  seepage 
heaving  may  take  place  in  the  "B"  zone  due  to  the  seepage  forces. 

In  the  first  case,  in  accordance  with  the  hydraulic  engineering  conditions 
of  the  seepage  flow  at  the  foundation  of  the  structure  (taking  into  con¬ 
sideration  the  acting  pressure  gradients),  the  possibility  (impossibility) 
of  such  deformations  should  be  established  and  appropriate  measures  out¬ 
lined  to  eliminate  them,  if  necessary. 

In  the  second  case,  either  the  declivity  of  the  slope  should  be  increased, 
or  the  surface  of  the  slope  covered  with  a  pervious  overload  (see  section  3) . 

4)  Deformations  of  the  soil  in  the  drain  area,  with  the  seepage  flow  enter¬ 
ing  the  drain.  Fig.  12,  a— JgX  (drain  pipe  shown  by  a  dotted  line). 

In  this  case,  when  the  triangle  of  the  drain  pipe  and  the  thickness  of  the 
sloping  drain  are  not  big  enough,  and  there  are  concentrated  gradients  of 
the  seepage  flow  entering  the  drain,  and  in  some  cases  due  to  incorrectly 
(or  carelessly)  planned  (chosen)  first  layer  of  the  filter,  the  soil  of  the 
dam  embankment  and  of  the  foundation  may  be  carried  off  into  the  drain  tri¬ 
angle,  which  may  cause  inadmissible  settling  and  silting,  and  in  some  cases 
a  breakdown . 


In  this  case  the  size  of  the  prism  of  the  (piped)  drain,  the  thickness  of 
the  layer  (layers)  of  the  sloping  drain  and  the  granulometric  composition 
of  the  first  layer  of  the  filter  should  be  planned  so  as  to  eliminate  these 
deformations  (see  section  3.6). 

5)  Deformations  of  the  soil  of  earth  slopes  due  to  the  action  of  waves  on 
the  slope  (Pig.  12,  a — J  ).  With  the  rise  and  fall  of  waves  on  the  slope 

of  the  structure  with  a  stone  or  reinforced  concrete  cover,  installed  on  the 
filter  preparation,  pulse  seepage  occurs  in  the  layer  of  the  filter  prepara¬ 
tion,  due  to  which  the  strength  of  the  filter  preparation  may  be  disturbed, 
and  the  stability,  consequently,  of  the  slope  itself. 

To  avoid  the  undesirable  consequences,  the  planned  (chosen)  filter  prepara¬ 
tion  should  be  checked  under  working  conditions  with  pulse  seepage,  taking 
into  consideration  its  granulometric  composition  of  the  soil  and  the  slope 
of  the  given  structure  (see  section  3.7). 

6)  Deformations  of  the  soil  of  the  blanket,  shielding  face  and  core.  When 
planning  impervious  devices  to  prevent  disturbance  of  the  seepage  strength 
and  inadmissible  deformations  of  the  soil  of  the  blanket,  shield,  and  core, 
the  following  should  be  taken  into  consideration: 

a)  The  thickness  of  the  blanket,  shielding  face  and  core  should  correspond 
to  the  hydrodynamic  conditions  and  requirements  imposed  on  the  soil  of  the 
impervious  devices; 

b)  the  soil  of  the  foundation  under  the  blanket  should  be  of  a  granulo¬ 
metric  composition  which  will  ensure  the  seepage  strength  of  the  blanket, 
and  for  the  shield  and  core  of  the  dam  on  the  lower  side,  either  run-of-bank 
soil  or  filter  with  a  granulometric  composition  ensuring  the  seepage  strength 
and  stability  of  the  face  and  the  core  should  be  selected  and  laid  in  place. 

The  above  conditions  should  be  taken  into  consideration  in  accordance  with 
section  3.8. 

7)  Deformations  in  the  zone  where  the  core  (shield)  of  the  dam  comes  into 
contact  with  the  foundation.  In  the  area  of  contiguity  of  the  material  of 
the  core  (shield)  and  the  fissured  rock  of  the  foundation,  the  concrete  base 
or  the  concrete  plug  (laid  in  a  river  bed),  deformations  of  the  soil  of  the 
core  (shield)  may  occur,  which  will  disturb  its  seepage  strength:  contact 
seepage,  erosion  of  the  soil  of  the  core  along  the  existing  cracks  of  the 
rock  of  the  foundation  or  the  cracks  formed  in  the  foundation  when  the  struc¬ 
ture  is  being  operated. 

3.3  Methods  of  Calculation  To  Determine  Seepage  Deformations  of  the  Soil 

Seepage  deformations  of  the  soil,  accompanied  by  a  disturbance  of  its  solid 
phase,  are  caused  mainly  by  the  forces  of  hydraulic  action,  which  also 
result  in  disturbing  its  strength. 


It  is  recommended  that  their  quantitative  (numerical)  values,  which  should 
be  the  initial  data  and  criteria  in  evaluating  the  soil  material  and  in 
designating  the  dimensions  and  structural  elements  of  the  Impervious  devices, 
be  determined  according  to  the  method  given  below. 

1°.  Determining  the  principal  geophysical  and  estimated  characteristics  of 
soils.  To  determine  the  seepage-piping  properties  of  the  soils  of  a  planned 
(or  existing)  structure,  and  its  foundation,  their  geophysical  and  estimated 
characteristics  should  be  known,  and  they  should  include: 

The  granulometric  composition  of  the  soil,  indicating  the  sizes  of  the  follow¬ 
ing,  estimated  fractions:  d  ,  d3>  d1Q,  d1?,  d6Q,  d.^,  mm; 

3 

The  volumetric  weight  of  the  soil,  7^*  g/cm  ; 

3 

The  specific  gravity  of  the  soil  particles, g/cm  ; 

The  porosity,  n; 

The  coefficient  of  variation  in  grain  size,^ 

The  coefficient  of  seepage  k,  cm/sec. 

For  cohesive  soils  (loams  and  clays),  in  addition: 

The  content  of  clayey  particles,  d{0.005  mm,  %; 

Moisture  content  (natural),  W; 

Flowability  limit,  WT; 

Build-up  limit,  Wp; 

Plasticity  number, 

The  above  characteristics  of  the  soil  of  a  structure  or  its  foundation  are 
the  theoretical  parameters  for  each  soil,  when  its  seepage-piping  properties 
are  determined  (piping,  critical  piping  gradients,  contact  erosion,  etc.), 
and  should  be  summarized  and  best  describe  the  composition  of  the  given  soil. 


2°.  Determining  the  piping  capacity  (nonpiping  capacity)  of  soils  and  the 
percent  of  removal  of  piping  particles*.  To  solve  the  problem  as  to  whether 
the  given  soil  is  apt  to  pipe  or  not,  the  following  method  of  calculation  is 
recommended . 


Evaluation  of  the  soil  according  to  geometric  criteria  (without  taking 
into  consideration  the  hydrodynamics  of  the  seepage  flow,  which  should 
be  taken  into  consideration  in  each  specific  case  of  operating  the 
structure) . 


a)  From  the  given  parameters  (section  3.3,  1°)  of  the  soli  being  studied, 
the  diameter  of  the  maximal  seepage  pores  in  the  soil,  d^3*,  is  determined 
from  the  following  relationship  of  M.P.  Pavchich  [6]: 


dre-0.«fc^nS_(^  (22) 

where  x  is  the  coefficient  of  nonuniformity  of  the  distribution  of  the  parti¬ 
cles  in  the  soil  or  the  coefficient  of  localization  of  the  piping: 


<*60 

*-.35 


*-1+006* 


(23) 


is  the  coefficient  of  variation  in  grain  size  of  the  soil;  n — the 


porosity  (in  proportions  of  a  unit);  d-^— the  diameter  of  the  particles 
which  are  found  as  17%  in  the  soil  andMess  (by  weight). 


b)  The  maximal  size  of  the  particles  which  may  be  carried  away  by  the  seep¬ 
age  flow  from  the  given  soil  (given  the  hydrodynamic  conditions  determined) 
is  determined  by  the  following  ratio: 

-077'<$-e.  (24) 


If  it  turns  out  that  the  maximal  size  of  the  piping  particles,  d™|*,  deter¬ 
mined  from  equation  (24) ,  is  less  than  the  minimal  size  of  the  particles  of 
the  soil,  dm  n,  i.e. 


•n 


(25) 


this  soil  should  be  regarded  as  piping  soil.  All  the  particles  with  a 
coarseness  less  or  equal  to  dm?x  may  be  carried  off  from  this  soil  if  the 
seepage  rate  (pressure  gradient)  is  greater  than  the  critical  Vj^J^p) . 

c)  Practical  experience  shows  that  if  the  finest  unattached  particles  of 
the  soil  are  carried  off  in  an  amount  of  not  over  3-5%  by  weight,  the  soil 
strength  is  not  disturbed. 


Consequently,  if  dmfx<3%  (5%)  by  weight,  this  soil  should  be  considered  as 
practically  nonpiping  soil. 


d)  Cohesive  (clayey)  soils  which  have  a  molecular  bond  between  individual 
particles  and  their  aggregates,  with  a  plasticity  number  of  W  ^  5.  are  non¬ 
piping.  n 


e)  The  maximum  possible  percentage  (%)  of  piping  particle  removal  from 
piping  soil  according  to  geometric  criteria  (disregarding  the  hydrodynamic 
conditions)  is  determined  in  the  following  way. 


We  find  the  maximum  size  of  the  piping  particles,  d  ,  ,  calculated  from  the 
equation  (24)  on  the  chart  of  the  curve  of  the  granulometric  composition  of 
the  soil  and  the  unknown  maximum  percent  of  removal  (on  the  axis  of  the 
ordinates) . 


f)  If  two  nonpiping  soils  (section  3,2,  1) — coarse  and  fine — come  into  con¬ 
tact  (Fig.  12, a;  J  — slanted  arrow),  in  these  cases  there  will  be  no 

seepage  deformations^if  these  two  contiguous  soils,  with  respect  to  granulo¬ 
metric  compositions,  satisfy  the  following  condition: 


$  ■** 


(27) 


where  Dq  is  the  average  size  of  the  diameter  of  the  seepage  pores  of  the 
coarse  soil 

A,  =  0,«5^iTr^r/)If:  (28) 

the  letter  designations  are  the  same  as  in  equation  (22) ;  c;,; — the  size  of  the 
particles  contained  in  the  fine  soil  in  an  amount  of  3%  and  less  by  weight. 


If  condition  (27)  is  not  satisfied,  contact  piping  may  take  place. 


To  prevent  contact  piping — seepage  deformations — the  plan  should  stipulate 
the  appropriate  measures  (for  example,  placing  a  transitional  layer  of  soil 
on  the  contact),  to  ensure  its  seepage  strength. 

3°.  Determining  the  critical  piping  gradients  and  rates.  Mechanical  piping 
will  develop  in  sand-gravel-pebble  (or  rubble)  piping  soils  if  the  pressure 
gradient  or  seepage  rate  in  them  are  greater  than  the  critical,  i.e., 

J>Jk,  orv>V 

In  such  cases  all  the  piping  particles,  d^ (from  dm^X  and  less),  may  be  car¬ 
ried  off  from  the  mass  of  the  soil  (not  protected  §y  a  filter),  given  certain 
hydrodynamic  conditions . 

It  must  be  borne  in  mind,  however,  that  in  earth  structures  (dams,  dikes, 
etc.),  made  of  piping  soil  and  on  a  foundation  made  of  piping  soils,  the 
hydrodynamic  conditions  for  seepage  flow  may  occur,  in  which  even  the  finest 
of  its  piping  particles  will  not  be  carried  away  from  the  given  piping  soils 
because  there  are  no  pressure  gradients  (general  and  local)  greater  than  the 
critical  in  value  in  the  structure  and  its  foundation  to  cause  the  removal. 

In  such  cases  it  should  be  considered  that  even  though  these  soils  with 
respect  to  geometric  criteria  are  piping  soils,  for  the  given  specific 
hydrodynamic  conditions  they  are  practically  piping-proof,  and  dangerous 
piping  processes  and  piping  deformations  will  not  develop  in  them. 


Consequently,  in  order  to  determine  the  degree  of  seepage-piping  strength  of 
a  soil  (the  soil  of  a  structure  or  of  the  foundation),  one  must  know: 


a)  The  hydrodynamic  seepage  flow  which  will  affect  the  soil  under  discussion; 

b)  The  critical  rates  or  gradients  of  removal,  the  value  of  which  chiefly 
depends  on  the  size  (coarseness)  of  the  piping  particles  removed,  d  .  (as  well 
as  on  the  coefficient  of  soil  seepage,  porosity,  the  nature  of  the  location 

of  the  piping  particles  in  the  pores  of  the  soil,  etc,). 

The  hydrodynamics  of  the  seepage  flow  are  determined  either  by  seepage  calcu¬ 
lations  or  by  the  EGDA  [electrohydrodynamic  analogy]  method,  and  the  critical 
rates  or  critical  pressure  gradients  for  the  piping  soil  analyzed  are  deter¬ 
mined  from  the  formulas  given  below. 


The  critical  pressure  gradient  (J,  ),  with  respect  to  mechanical  piping,  in 
which  the  pip ing^gar tides  d  .  mayMie  removed  from  the  mass  of  the  soil, 
starting  with  d^  and  less,  is  determined  from  the  following  ratio  of  A.N. 
Patrashev  [6]: 


where 


M0(-*--,)/.»,.(ar  + j); 


/.  -  0*2-  1,8a,  +  0,0062  (v- 5); 


d  — the  diameter  of  the  piping  particles,  starting  from  d  ^  and  less,  in 
cm;  nr — the  porosity  of  the  soil  (in  groportions  of  a  unitj;  g — accelerations 
of  the  force  of  gravity  (g*981gcm/sec  )»Yr — the  volumetric  weight  (frame)  of 
the  soil,  in  g/cm  ;  7  B^1  g/cm  — the  volumetric  weight  of  £he  water;y  — 
the  coefficient  of  kinematic  viscosity  of  the  water,  in  cm  /sec;  0  — the 
angle  between  the  directions  of  the  seepage  rate  and  the  forces  of  gravity; 

^  — the  coefficient  of  variation  in  grain  size  of  the  soil;  — the 

coefficient  of  soil  seepage,  in  cm/ sec. 

If  the  coefficient  of  soil  seepage,  V  *  is  not  known,  it  may  be  determined 
by  the  experimental  ratio  of  M.P.  Pavchich: 

«2> 


where  if,  — the  coefficient  considering  the  shape  and  irregularities  of  the 
soil  particles;  according  to  the  data  of  G.  Kh.  Pravednyy,  it  is  recommended 
that:  %  »  1  for  sand-gravel-pebble  soils;  f,  -  0.35  for  rubble  soils;  d^ — 
the  diameter  of  the  soil  particles  of  which  less  than  17%  by  weight  are 
contained  in  the  composition,  in  cm. 


mmm 


?  *  ‘»<ti 


Substituting  in  formula  (29)  various  values  of  d  .  and  other  parameters  of 
the  soil  being  analyzed,  it  becomes  possible  to  determine  the  value  of  the 
practical  removal  gradient  (J,—)*  for  each  given  size  of  the  piping  parti¬ 
cles  with  a  diameter  of  as  well  as  the  value  of  the  percent  of 

removal  of  these  particles(3.3,  paragraph  2°,  d)  for  which  the  value  of 
J,  was  determined,  which  makes  it  possible  to  evaluate  the  degree  of  piping 
and  seepage  strength  of  the  given  soil. 

In  order  to  avoid  mechanical  piping  and  disturbance  of  the  soil  strength, 
the  condition  (20)  should  be  observed,  i.e.,  the  acting  pressure  gradient 
in  the  soil,  J,,  should  be  less  than  the  critical  piping  gradient,  J  ,  for 
the  given  soil^GJ^J^  ).  ** 

The  critical  piping  rate.  To  determine  the  critical  piping  rate,  at  which 
the  maximum  equilibrium  of  the  piping  particles  d^  in  the  soil  is  disturbed, 
the  formula  of  A.N.  Fatrashev  should  be  used  [6]: 

(33) 

where  the  letter  designations  are  the  same  as  in  formula  (23). 

4°.  Determining  the  critical  gradients  and  rates  of  contact  erosion  of 
noncohesive  and  cohesive  (clayey)  soils.  As  was  shown  in  (3.2,  paragraph 
2),  in  hydraulic  engineering  structures,  contacts  may  be  encountered  between 
fine  and  coarse  soils  (Fig.  12 ,b). 

Figure  13  shows  the  types  of  contacts  which  may  occur  in  hydraulic  engineer¬ 
ing  structures  and  their  foundations. 

The  intercontacting  soils  should  be  checked  under  the  condition  of  the  pos¬ 
sible  erosion  of  fine  (or  cohesive)  soil  by  the  seepage  flow  taking  place 
in  the  coarse  soil  or  the  fissured  rock  of  the  foundation  (k^kr). 

For  this  purpose  the  critical  gradient  of  the  contact  erosion,  J  of  fine 
(or  cohesive)  soil  should  first  be  determined,  and  its  value  mainly  depends 
on  the  ratio  of  the  coarseness  of  the  fractions  of  the  grain  compositions 
of  the  soils  coming  into  contact. 

Then  the  value  obtained,  ,  should  be  compared  with  the  specific  hydro- 
dynamic  conditions  of  the  seepage  flow  in  the  given  structure  or  its  member 
(for  example,  in  the  first  layer  of  the  transitional  zone  of  the  core  of  a 
dam,  or  in  the  foundation  of  the  structure),  in  order  to  establish  whether 
there  is  erosion  of  the  contact  zone  and  seepage  deformations. 

The  determination  of  the  value  of  Jf»$  for  noncohesive  and  cohesive  (clayey) 
soils,  depending  on  the  coarseness  of  their  granular  compositions,  is  given 
below. 


0,« *0 


Figure  13.  Contact  Erosion  of  the  Soil 


a — coarse  soil — fine  soil;  b — coarse  soil — clayey  soil;  c — 
fissured  rock — clayey  or  fine  soil; $ — angle  between  the 
directions  of  the  rate  of  seepage  and  the  force  of  gravity; 
Dq — average  diameter  of  the  seepage  pores  of  coarse  soil; 
dw. — diameter  of  (piping)  particles  of  fine  soil  which  may 
be  removed  by  seepage  flow  upon  contact  erosion 
(when 


a)  Determining  the  critical  gradients  (rates)  of  contact  erosion  of  non- 
cohesive  soils. 


If  two  different  noncohesive  soils  (or  soil  and  fissured  rock)  come  into 
contact  with  each  other,  the  critical  gradient  of  erosion  of  the  fine  soil 
and  the  size  of  the  particles  carried  awty  with  a  diameter  of  d  /^3Z*  are 
determined  by  the  experimental  ratio  of  G.Kh.  Pravednyy:  C1 


(34) 


with  the  ratio  of  ■rc^-<0.7.  Fig.  13, a;  with  the  ratio  ^>0.7,  the  erosion 
uo  D° 

and  removal  of  fractions  of  fine  soil  are  impossible;  <f,  ,  d£^  and  } — the 
designations  are  the  same  as  in  formulas  (30)  and  (32). 


The  average  diameter  of  the  seepage  pores  of  coarse  soil,  D  ,  is  determined 
by  the  ratio  (28).  ° 


When  fine,  unbound  particles,  d  ^3Z  are  removed,  the  soil  strength  is  not 
disturbed;  therefore,  the  value  of  the  critical  erosion  gradient,  J  , 
should  be  determined  with  the  removal  of  fine  fractions,  the  size  or* 
which  is  dcjt>3Z,  i.e.,  d^^d^. 


s 


When  the  critical  gradient  of  erosion  of  fine  soil  on  contact  with  fissured 
rock  is  determined  (Fig.  13, b),  the  ratio  (34)  may  be  used;  except,  however, 
that  instead  of  D  in  the  given  ratio  (34) ,  the  value  (predominant  size)  of 
the  width  of  the  cracks  in  the  rock  bM  and  <p,  ■  0.35-0.40  should  be  substituted. 

Formula  (34)  is  justified  if  the  Reynolds  number.  Re,  pertaining  to  the 
average  diameter  of  the  seepage  course  in  coarse  soil,  D  : 

Re  =  <  20.  (35) 

where  k* — the  coefficient  of  seepage  of  coarse  soil,  is  determined  from  the 
ratio  (52),  or  k  — the  coefficient  of  the  rock  seepage;  D  — is  determined 
by  the  ratio  (28^?  V — the  coefficient  of  kinematic  viscosity  of  the  water. 

Note.  When  Re  20,  the  formula  (34)  can  be  used  only  for  rough  estimates,  or 
should  be  determined  by  experiment. 

The  critical  erosion  rate,  on  contact:  fine  soil — coarse  soil  (or 

fissured  rock)  may  be  determined  according  to  the  ratio: 

«W  =  V*>  (36) 


where  kyf  is  the  same  as  in  the  ratio  (35);  J — is  assumed  in  accordance 
with  the  ratio  ( J4) .  » 


b)  Determining  the  critical  gradients  of  the  contact  erosion  of  cohesive 
(clayey)  soils. 

When  contacts  may  be  encountered  between  cohesive  (clayey)  soil  and  coarse 
material  (Fig.  13,  b,c),  or  with  fissured  rock,  the  cohesive  soil  may  under¬ 
go  erosion. 


The  value  of  the  critical  gradient  of  erosion,  J **  ,  with  contact  seepage  is: 
cohesive  (clayey)  soil  with  a  plasticity  number  or  W^5,  coarse  soil  (or 
fissured  rock),  may  be  determined  from  the  experimental  ratio  of  G.Kh. 
Pravednyy : 


Vtxr* 


-vn. 


(37) 


where  D01®*  — in  cm — is  determined  from  the  ratio  (22)  for  coarse  soil,  with 
o 


ir 

D.  <1.8  cs  (when  D  ^>1.8  cm  will  cause  the  scaling  of  cohesive  soil  in  the 


__  _ 

o  o 

pores  of  coarse  material  and  contact  erosion,  when  J>0). 


This  ratio  (37)  may  be  used  to  determine  on  contact:  cohesive  soil — 


fissured  rock  (Fig.  13, c).  In  this  case,  instead  of  D 


in  the  ratio  (37) 


the  maximum  value  of  the  width  of  the  cracks  in  cm  should  be  substituted. 


3.4.  General  Instructions  for  Calculating  the  Seepage-Piping  Deformations 
of  Soils  (from  3.3,  paragraphs  2°,  3°,  4°). 

On  the  basis  of  the  calculations  made  (3.3,  paragraphs  2°,  3®,  4°),  for  clear¬ 
ness,  the  results  of  the  calculations  for  each  soil  analyzed  may  be  shown  In 
the  form  of  Table  3,  from  which  can  be  seen: 


Table  3 

Soil 

dr j ,  mm 

%  removal 

Note 

dci .  >3% 

The  size  of  the  diameters  of  the  piping  particles  from  d^fx  to  dci4-3%»  the 
critical  gradients  of  removal  (or  erosion) ,  corresponding  to  the  given 
coarseness  of  the  piping  particles  and  the  percent  of  their  removal. 

It  thus  appears  possible  to  establish  the  limits  of  the  local  critical  gradi¬ 
ents  of  the  pressure  of  the  mechanical  piping,  J^p,  and  the  contact  erosion, 
Jpa3  ,  at  which  the  removal  of  the  fine  fractions  should  be  dci^3%,  since, 
depending  on  this  value,  the  permissible  piping  or  contact  erosion  gradients 
(taking  into  consideration  the  safety  factor)  should  be  established  for  the 
given  soil,  i.e.,  the  conditions  (20)  and  (21)  should  be  fulfilled: 

Jkp 

where  J^is  the  pressure  gradient  in  the  area  of  the  element  of  the  dam  under 
discussion,  or  its  foundation,  with  which  the  seepage  strength  of  the  soil  is 
ensured;  k?4l/>  is  the  safety  factor  (which  is  established  depending  on  the 
category  of  the  structure  with  respect  to  durability,  danger  of  piping  occur¬ 
ring,  and  other  conditions). 

This  method  may  be  used  in  determining  the  permissible  controlling  pressure 
gradient  (JfeXwr  in  the  case  of  nonuniformity  of  the  foundation  of  the  struc¬ 
ture  formed  by  horizontal  stratification  of  the  individual  soils  (see  2.5, 
paragraph  5°). 

As  the  result  of  calculations  made  according  to  the  method  shown  in  (3.3, 
paragraphs  2°,  3°,  4°),  Jg0/r  is  determined  for  each  layer  of  soil  forming 
the  foundation,  and  for  the  least  value  of  J +,ir  as  the  most  dangerous  with 
respect  to  piping  (interior  and  at  the  contacts),  taking  into  consideration 
Table  1,  the  corresponding  value  of  (Jfc)^  is  assumed. 


3.5  Determining  the  Destructive  Heaving  Gradients  of  the  Soil  and 
Measures  to  Combat  Local  Seepage  Heaving 

1°.  Mathematical  formulas  to  solve  problems  related  to  soil  heaving, 
a)  In  an  upward  seepage  flow,  seepage  heaving  of  the  soil  (breaking  away  and 
shifting  of  a  certain  amount  of  soil)  may  take  place  due  to  suspending  and 
seepage  forces,  i.e.,  if  in  any  area  the  vertical  components  of  the  hydro- 
dynamic  forces  exceed  the  critical  values  and  are  not  balanced  by  the 
forces  preventing  heaving,  the  soil  may  heave. 

The  forces  preventing  heaving  are  the  weight  of  the  foundation  soil  and  the 
weight  of  the  overload  (drainage). 

Consequently,  the  principal  measure  to  combat  soil  heaving  is  overloading 
it  with  a  layer  of  drainage  material.* 


Figure  14.  Diagram  of  Soil  Heaving 

T — thickness  of  the  overload  layer;  t — 
thickness  of  the  layer  of  soil  which  has 
undergone  heaving. 

b)  In  work  [3],  R.R.  Chugayev  discusses  in  a  general  form  the  heaving  of 
the  soil  by  an  upward  seepage  flow,  with  an  overload  according  to  the  dia¬ 
gram  shown  in  Figure  14,  where  the  layer  t  is  subject  to  the  action  of 
seepage  forces  directed  upward.  In  order  to  prevent  heaving  of  the  soil 
abcg  by  seepage  forces,  this  soil  should  be  overloaded  with  a  layer  of 
drainage  soil,  with  a  thickness  of  T. 

In  accordance  with  that  indicated  by  Professor  R.R.  Chugayev,  the  following 
equation  [3]  was  proposed  to  solve  the  problems  of  soil  heaving: 


fW *»•</* 


(38) 


* 


There  may  also  be  structural  measures,  as,  for  example:  a  relief  drain, 
diminishing  the  slope,  in  case  the  depression  curve  emerges  to  its  sur¬ 
face  (see  below). 
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where  yfiZ  is  the  volumetric  weight  of  the  suspended  soil;  y  • — the  volu¬ 
metric  weight  of  the  overloading  material  (in  dry  or  suspendeB  state); 
kj tjjf  — the  safety  factor;  t — the  thickness  of  the  layer  of  soil  which  has 
undergone  heaving;  — the  relative  seepage  force  exerted  on  a  unit  of  volume 
of  soil,  the  value  of  which  is  (according  to  K.  Tertsaga): 

/♦  =  7*A  (39) 


where Yg  is  the  volumetric  weight  of  the  water;  J — the  piezometric  gradient 
(pressure  gradient). 


The  volumetric  weight  of  the  soil,  suspended  in  the  water  is  y^g: 

Tut  ■  T«  -  (*  -  "ft*  ' 


(40) 


where  y  ^  is  the  volumetric  weight  of  the  frame  of  the  (dry)  soil;  n — the 
porosity  in  fractions  of  a  unit. 

From  the  equation  given  (38),  it  appears  possible  to  determine: 

a)  The  critical  gradient  of  the  soil  heaving  with  no  overload; 

b)  The  outlet  pressure  gradient  with  an  overload; 

c)  The  thickness  of  the  overload  layer,  depending  on  the  amount  of  outlet 
pressure  J 

c)  The  value  of  the  critical  heaving  gradient  J.  may  be  obtained  from  the 
equation  (38)  if  there  is  no  overload,  i.e.,  when  T  =  0  and  =  1. 

With  the  gigen  conditions,  instead  of  (38),  we  will  haveYgZg  *  or 
T'bzb  ^B^ka  '  Substituting  the  values  f^  and  7\jZb  from  (39)  and  (40),  and 
y  .  *A(i~nf,  after  simple  transformations,  we  obtaig  the  formula  for  deter¬ 
mining  the  value  of  the  critical  heaving  gradient  J.  in  the  layer  of  soil 
undergoing  heaving,  with  no  overload  where  the  seepage  flow  emerges: 

^  —  *) (I  —  *).  (41) 

wheredis  the  specific  gravity  of  the  soil  particles;  YB — the  volumetric  weight 
of  the  water;  n — the  porosity  of  the  soil  in  fractions  of  a  unit. 

This  formula  (41)  is  in  accord  with  the  formula  of  K.  Tertsaga,  as  well  as 
that  of  Ye. A.  Zamarin,*  J.  -  l)  (1  -  n)  +  0.5n,  but  without  the  last 

member .  * 


* 


Zamarin,  Ye. A.  "Dvizhenlye  gruntovykh  vod  pod  gidrotekhnicheskimi 
sooruzheniyami"  [Movement  of  Ground  Waters  Under  Hydraulic  Engineering 
Structures],  Izd.  VNIKhI,  1931,  112  pages  with  illustrations. 


When  determining  Jfcp  for  fine  sandy  soils  with  an  average  particle  size  of 
d5o=0.07-0.20  mm,  the  correction  coefficient,^,  should  be  introduced  in 
formula  (41),  as  experiments  have  shown: 

(41 

where  A  =0 . 90-0 . 95 . 


d)  To  determine  the  value  of  the  outlet  pressure  gradient,  ,  with  an 
overload  with  the  thickness  of  the  layer  T,  the  mathematical  relationship 
may  be  obtained  from  equation  (38). 


Assuming  k^-1,  and  also  considering  that 
(38)  relative  to  ,  we  obtain: 


.ft 

1 i  ‘ 


and  solving  equation 


T 

T 


7«p» 


(42) 


where  the  letter  designations  are  the  same  as  in  equation  (38). 


From  the  given  relationship  (42),  it  follows  that  the  need  for  an  overload 
of  soil  for  the  foundation  where  the  seepage  flow  emerges  is  brought  about 
when  J Jkp»  where  is  the  critical  gradient  of  the  heaving  for  the 
given  soil  of  the  foundation,  the  value  of  which  is  determined  according  to 
the  relationship  (41)  or  (41'). 


e)  The  thickness  of  the  layer  of  the  overload,  T,  taking  into  consideration 
the  safety  factor,  k5A/r  ,  may  be  determined  from  the  relationship  (42): 

=  <43> 

where  it  is  recommended  that  the  safety  factor  be  assumed  as  k34/r  =1.2-1. 5. 
The  relationships  (38)-(43)  may  be  used  to  solve  problems  related  to 

a)  Determining  the  length  of  the  underground  contour  of  the  dam; 

b)  Determining  the  critical  heaving  gradients  for  the  soils  of  the  founda¬ 
tion  and  embankment  of  the  dam; 
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c)  Determining  the  thickness  of  the  overload  (when  Jfcp)  for  the  area 

of  the  so il  subject  to  heaving,  etc.  . 


Methods  are  suggested  below  to  solve  these  problems,  as  applied  to  hydraulic 
engineering  structures. 


2°.  Measures  to  Combat  Local  Seepage  Heaving 

a)  Heaving  of  the  soil  when  the  seepage  flow  emerges  in  the  tailwater 
(Figs.  15  and  16). 


Heaving  of  Che  soil  may  appear  beyond  Che  limiCs  of  Che  underground  conCour 
of  Che  scruccure,  when  Che  seepage  flow  emerges  in  Che  CailwaCer,  where  a 
drain  should  be  placed,  simulcaneously  fulfilling  Che  role  of  an  overload  of 
soil  for  Che  foundaCion  (Fig.  15). 


Figure  15.  To  DeCermine  Che  Thickness  of  Che  Overload  T. 

J — ouCleC  fragmenC  of  Che  underground  conCour  of  Che  scruccure; 

2 — overload;  h  and  h+Ah — lines  of  even  pressures;  y  — escimaced 

vercical  for  consCrucdng  Che  curve  of  Che  gradiencs  Jw=f  (y) ; 

J#i<jr*f(x) — curve  of  Che  ouCleC  gradiencs;  J,  — cricical  gradienc 

of  heaving  for  Che  soil  of  Che  foundaCion  (wiCh  no  overload); 

1  — lengch  of  Che  overload, 

np 

The  CesCing  of  Che  soil  for  heaving  in  Che  CailwaCer  area  should  be  done  on 
condicion  ChaC  Che  maximum  ouCleC  pressure  gradienc  in  Che  CailwaCer  is 

•W>0-60"0-70  [2]. 

Uich  Che  maximum  value  of  Che  ouCleC  pressure  gradienc  in  Che  CailwaCer: 

(**) 

g 

where  J.  is  Che  cricical  heaving  gradienc  for  Che  given  soil  of  Che  founda¬ 
Cion,  Cne  value  of  which  is  decermined  from  Che  reladonship  (41)  or  (41*), 
appropriace  measures  should  be  sCipulaCed  co  prevenc  Chis  undesirable 
phenomenon . 

When  sCudying  seepage  (for  example,  by  Che  EGDA  meChod)  in  Che  embankmenc  and 
foundaCion  of  an  earch  or  concreCe  dam,  Che  curve  of  Che  ouCleC  pressure 
gradiencs  is  conscrucced,  as  was  shown  in  Figures  15  and  16. 
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In  order  Co  ascertain  the  maximum  values  of  the  outlet  pressure  gradients, 
the  curves  of  the  outlet  gradients  should  be  plotted  for  the  area  of  the  soil 
of  the  foundation  which  is  as  nearly  as  possible  adjacent  to  the  line  of  the 
surface  of  the  bottom  of  the  tailwater. 

The  curves  of  the  outlet  gradients  make  it  possible  to  evaluate  the  strength 
and  stability  of  the  foundation  of  the  structure. 


Figure  16.  To  Determine  Soil  Heaving 

a — downstream  shell  of  earth  dam  with  a  drain  triangle  showing 
the  lines  of  equal  pressures  and  the  curves  of  the  outlet  gradi¬ 
ents;  b — same,  with  sloping  drain  and  output  drainage  ditch. 

1.  Determining  the  thickness  and  length  of  the  overload. 

Figure  15  shows  the  outlet  fragment  of  the  underground  contour  of  the  struc¬ 
ture  with  the  lines  of  equal  pressures  and  curve  of  outlet  gradients, 

J«<x  “f  * 

Figure  16  shows:  a)  the  downstream  shell  of  the  earth  dam  with  a  drainage 
triangle,  lines  of  equal  pressures  and  the  curve  of  the  outlet  gradients; 
b)  the  downstream  shell  of  an  earth  dam  with  sloping  drain  and  outlet 
ditch. 


To  solve  the  problem  of  the  thickness  of  the  overload  In  the  outlet  area  of 
the  seepage  flow  in  the  tailwater,  where  soil  heaving  is  possible  (when 
J/M<<>Jkp)«  there  must  be  a  flow  net,  with  the  outlet  of  the  seepage  flow  in 
the  tailwater,  and  the  curve  of  the  outlet  gradients  J^n“f(x),  as  shown 
in  Figure  15. 

An  estimated  "y"  vertical  is  drawn  in  the  outlet  fragment  of  the  underground 
contour  of  the  structure,  through  its  end  point  (Fig.  15).  On  this  estimated 
vertical  is  plotted  the  curve  of  the  distribution  of  the  gradients  at  the 
points  of  intersection  of  the  estimated  "y"  vertical  and  the  lines  of  equal 
pressures  (1,  2,  3...). 

Figure  17  shows  the  curve  Jy=f(y),  obtained  at  the  estimated  "yM  vertical, 
where,  along  the  vertical  "y"  axis  are  drawn  the  distances  from  the  surface 
of  the  tailwater  (from  point  A),  yj.,  y2  and  y^,  corresponding  to  the  deepen¬ 
ing  of  points  1,  2  and  3  (Fig.  15,  and  along  the  axis  Jy,  the  pressure  gradi¬ 
ents  Jyi ,  Jy2  end  Jy3»  corresponding  to  these  points  1,  2  and  3,  obtained  as 
the  ratios 


As  a  result  we  obtain,  on  the  estimated  "y"  vertical,  the  curve  for  the  dis¬ 
tribution  of  the  pressure  gradients  Jy=f(y). 

Then  from  the  relationship  (41)  or  (41’),  the  value  of  the  critical  pressure 
gradient  J®p  is  determined  for  this  specific  soil  of  the  foundation. 

From  the  value  of  J^p  obtained  and  the  curve  of  the  gradients  Jy=f(y), 

Figure  17,  the  thickness  of  the  layer,  t,  is  determined,  corresponding  to  the 
critical  depth  of  the  heaving  zone,  y^p,  where  the  pressure  gradient  is  j£p- 

Knowing  the  value  of  t,  the  thickness  of  the  layer  of  overload  is  determined 
from  formula  (43) 

where  V  is  the  volume  weight  of  the  overload  and  may  be  in  dry  or  suspended 
state  (in  sane  cases,  concrete  slabs);  kj^, *1,2-1, 5, 

The  length  of  the  overload,  1 (Fig.  15),  may  be  determined  from  the  curve  of 
tie  outlet  pressure  gradients, 'J^  *f  (x)  , 

Knowing  the  value  of  j£p ,  the  value  of  which,  as  was  shown  above,  is  determined 
from  the  relationship  (41)  or  (41*),  for  the  given  soil  of  the  foundation,  its 
value  is  drawn  on  the  curve  J.4/1»f(x),  and  is  determined  on  a  scale  of  xtD 
along  the  "x"  axis. 
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Figure  17.  Curve  J  *f(y)  on  the  Estimated  Vertical,  "y"  (to  Determine  the 
Thickness  of  the  Layer,  t.  Corresponding  to  the  Depth  of  the 
Heaving  Zone) 

1,  2,  3 — points  of  intersection  of  the  estimated  "y"  vertical 
with  the  lines  of  equal  pressures  (Fig.  15);  y^,  y2>  y^ — 
corresponding  deepenings  of  the  points  1,  2,  3  from  the  surface 
of  the  tailwater. 

The  length  of  the  overload  from  the  impervious  part  of  the  outlet  fragment  of 

the  structure  in  the  direction  of  the  "x"  axis,  taking  into  consideration  the 

safety  factor  (k  ),‘will  be: 

3an 

twf  ■  (45) 

It  should  be  noted  that,  depending  on  the  composition  of  the  soil  of  the:  founda 
tion,  the  granulometric  composition  of  the  overload  in  the  zone  of  contact  with 
the  soil  of  the  foundation  should  be  chosen  according  to  the  principal  of  the 
reverse  filter  (Fig.  15): 

a)  For  protected  cohesive  (clayey)  soil  of  the  foundation  with  a  plasticity 
number  of  W>3-5,  the  granulometric  composition  of  the  material  of  the  over¬ 
load  (in  the  contact  zone)  should  satisfy  the  following  condition: 


r  0.34 

TOT 


0,82 
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where  D™^  is  the  maximum  diameter  of  the  pores  of  the  overload,  determined 
from  the  relationship  (22);  J ^ — the  heaving  gradient,  with  the  outlet  of  the 
seepage  flow  to  the  tailwater  (Fig.  17).- 


b)  For  protected  noncohesive  (friable)  soil  of  the  foundation ,  the  granulo- 
»  metric  composition  of  the  overload  material  (in  the  contact  zone)  should  . 

satisfy  the  condition  of  a  nonf reef lowing  quality  [6], 

*  2.  Overload  Drainage 

i 

In  3.2,  paragraph  3,  it  was  noted  that  in  the  practical  work  of  hydraulic 
engineering  there  may  be  a  variant  when  the  dam  is  placed  on  a  relatively 
thin  layer  of  clayey  or  almost  Impervious  soil,  and  under  it  lies  a  layer 
of  soil  with  relatively  high  perviousness,  Fig.  12, a:  layer  1 — clayey, 
layer  II — sandy.  In  this  case,  due  to  the  seepage  flow,  local  seepage  heav¬ 
ing  may  take  place  at  the  surface  of  the  bottom  of  the  tailwater  relative 
to  the  thin  almost  impervious  layer  of  soil — I,  Fig.  12,  a  and  18. 

The  clayey  layer  of  soil  (2)  in  the  tailwater  (Fig.  18)  will  be  subject  to 
heaving  with  a  sufficiently  high  value  of  the  pressure  gradient. 


t 


Figure  18.  Soil  Heaving  Into  the  Tailwater 

1 — embankment  of  the  dam;  2— thin  layer  of  clay,  thickness  of 
t  ji  3 — overload  drainage;  4 — overload  layer,  thickness  T; 

— maximum  size  of  seepage  pores  of  overload  material. 

In  reality,  if  one  disregards  the  losses  of  pressure  in  the  sandy  layer  II 
at  the  width  of  the  dam  base  (Fig.  12, a),  the  acting  pressure  on  the  struc¬ 
ture  is  distributed  on  the  layer  of  clayey  soil:  for  the  input — at  the  head¬ 
water  and  the  output— at  the  tailwater.  Moreover,  a  pressure  value  of  ap¬ 
proximately  O.SZ  will  be  lost  at  each  of  these  sections. 


Consequently,  the  clayey  layer  of  soil  with  a  thickness  of  t£^  in  the  tail- 
water  will  have  a  heaving  gradient 
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where  Z  is  the  pressure  on  the  structure. 


(47) 


Jgt/tfis  assumed  from  the  results  of  the  seepage  studies  (calculations),  and 
for  rough  estimates,  from  formula  (47). 


In  this  case,  to  prevent  inadmissible  heaving,  a  vertical  relief  drain  must 
be  installed  in  the  tailvater  area,  as  shown  in  Figure  18,* 


With  a  drain  of  this  type  in  the  tailvater,  the  outlet  pressure  gradients 
are  practically  removed,  thus  eliminating  the  danger  of  soil  heaving. 

Note.  The  diameter  and  design  of  relief  wells  for  vertical  drainage  and 
their  arrangement  (spacing)  are  determined  from  the  results  of  seepage 
studies,  taking  into  consideration  the  hydrogeological  and  other  conditions. 


Figure  19.  Soil  Heaving  With  the  Outlet  of  the  Depression  Curve  on  a  Slope 

a — point  of  emergence  of  the  depression  curve  on  the  slope; 

B — zone  of  local  seepage  heaving; et — angle  of  incline  of  the 
lower  slope  toward  the  horizon;  mg=ctg  rt — coefficient  of  the 
lower  slope;  Dj1** — maximum  size  of  seepage  pores  of  overload 
material. 

b)  Soil  Heaving  When  the  Seepage  Flow  Emerges  on  the  Slope 

If  there  is  no  drain  at  the  downstream  shell  of  the  dam,  or  when  the  drain 
of  the  downstream  shell  of  the  dam  is  silted  up  (or  obstructed  during  the 
runoff  of  water  along  the  slope),  the  depression  curve  may  be  wedged  out  to 
the  surface  of  the  lower  slope  of  the  dam,  Figure  19.  Here,  in  zone  B,  due 
to  the  seepage  forces,  local  seepage  heaving  of  the  soil  may  occur,  as  the 
result  of  which  the  strength  and  stability  of  the  lower  slope  will  be  dis¬ 
turbed  . 


Constructing  an  overload  in  this  case,  with  sizeable  outlet  pressure  gradi¬ 
ents,  is  not  advisable,  since  its  thickness  may  reach  several  meters. 
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The  soil  in  the  B  area  should  be  considered  stable  if  the  following  inequality 
is  satisfied  [3]: 


i 


(48) 


where f is  the  angle  of  internal  friction  of  the  soil. 

If  the  inequality  (48)  is  not  satisfied,  to  ensure  the  stability  of  the  slope 
(soil  in  the  B  zone.  Fig.  19),  one  must: 

1)  Either  increase  the  declivity  of  the  lower  slope,  i.e.,  reduce  a — the 
angle  of  incline  of  the  lower  slope  toward  the  horizon; 

2)  Or  cover  the  surface  of  the  slope  with  a  layer  of  pervious  overload 
(Fig.  19). 

Here  the  granulometric  composition  of  the  overload  (D  or  Dmax)  should  be 
such  as  will  satisfy  the  following  condition:  v 


where  J  =sin«. — maximal  estimated  pressure  gradient  (Fig.  18);  k  =1.10-1.20 
— safetf  factor;  J  az — critical  gradient  of  erosion  of  fine  or  cohesive  soil 
on  contact  with  coRrie  material,  is  determined:  a)  for  noncohesive  soils 
according  to  the  formula  (34);  b)  for  cohesive  soils  by  the  relationship  (37) 
see  3.3,  paragraph  4°. 


Condition  (49)  should  be  satisfied  also,  when  designating  the  granulometric 
composition  of  the  first  layer  of  the  filter  for  a  sloping  drain  of  the 
lower  slope  of  the  dam. 


3.6  Normal  (Local)  Seepage  Strength  of  Soil  in  Drainpipe  Area 


A  pipe  drain  is  installed  mainly  at  the  bottom  sections  of  the  dam  when 
there  is  no  tailwater  behind  the  drain.  Depending  on  the  location  of  the 
pipe  drain  with  respect  to  the  axis  of  the  dam,  as  well  as  its  ability  to 
"divert"  to  itself  the  depression  curve,  sizeable  input  pressure  gradients 
may  be  concentrated  in  the  drain  area. 


If  the  soil  of  the  foundation  or  the  embankment  of  the  dam  is  piping  soil, 
due  to  the  sizeable  input  pressure  gradients,  piping  may  occur  in  the  drain 
area,  as  a  result  of  which  piping  fractions  may  be  carried  away  from  the 
soil  mass  of  the  foundation  and  the  embankment  of  the  dam  to  the  drain  tri¬ 
angle,  which  may  cause  inadmissible  settling  and  silting  of  the  drain. 


If  the  filter  is  carelessly  chosen,  in  the  drain  triangle  area  the  soil  may 
silt,  which  may  cause  a  disturbance  in  the  work  of  the  drain — a  rise  in  the 
depression  curve  and  seepage  of  the  flow  to  the  slope. 


In  order  to  prevent  these  undesirable  phenomena,  in  addition  to  the  correctly 
chosen  composition  of  the  filters  [6],  the  appropriate  dimensions  should  also 
be  planned  for  the  drain  triangle,  for  depending  on  its  dimensions  are  the 
amount  of  input  pressure  gradients  in  the  drain,  the  normal  work  of  the 
drain  and  elimination  of  these  undesirable  deformations. 

The  value  of  the  input  pressure  gradient  to  the  drain  triangle  depends  on  the 
seepage  rate  entering  the  drain,  the  coefficient  of  seepage  of  the  soil  of 
the  foundation  or  embankment  ofi  the  dam  and  on  the  area  of  the  active  sec¬ 
tion  of  the  seepage  flow,  when  it  enters  the  drain  triangle  (Fig.  20) . 


Figure  20.  Pipe  Drain 

1 — depression  curve;  a — greatest  depth  of  freezing;  2 — drain 
triangle;  1  ^+1  j+l  yH^+l  ^ =L — wetted  perimeter  of  the  drain 
triangle;  k^ — coefficient  of  seepage  of  the  foundation  soil. 


Assuming  that  in  the  drain  area  the  seepage  proceeds  in  a  unilateral  flow, 
this  relationship  may  be  expressed  according  to  the  Darcy  formula: 


Q  (50) 
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where  Qis  the  seepage  rate,  in  m  /sec;  k^ — the  coefficient  of  seepage  of  the 
soil  of  the  foundation  or  embankment  of  the  dam,  in  m/sec;«/ — the  area  of 
the  active  section  of  the  seepage  flow,  entering  the  drain  and  relative  to 
1  linear  meter  of  the  drain;  ■1L“1 (1^+1 _+l -+1 .+1 _),  where  L=l.+1_+1  +1  +1 
— the  wetted  perimeter  of  the  drain  triangle  (Fig.  20),  on  the  size  of  which 
the  amount  of  the  input  pressure  gradient  Jfijr  mainly  depends. 


In  order  to  avoid  the  above  deformations  of  the  soil  in  the  drain  area,  the 
dimensions  of  the  drain  triangle  should  be  such  that  the  input  pressure 
gradient  Jj*  will  be  less  than  or  equal  to  the  permissible,  i.e.,  the  basic 
condition  snould  be  satisfied  (20): 
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where  k  -1.10-1.20 — the  safety  factor;  J.# — the  critical  gradient  of  the 

pressurea?or  the  given  soil  of  the  foundation,  is  determined  from  formula 
(29),  with  dc^d3r 

Notes:  1.  With  nonpiping  soils  of  the  embankment  and  foundation  of  the  dam, 
the  value  of  the  input  pressure  gradient  to  the  drain  triangle  should  be 

J^°*70“0-75* 

2.  The  above  recommendations  may  be  used  to  calculate  the  drainage  ditch, 
the  drain  triangle,  etc. 

3.7.  Deformation  of  the  Upper  Slopes  Due  to  Wave  Action 

The  most  widespread  types  of  slope  coverings  against  wave  actior  at  present 
are  coverings  made  by  monolithic  reinforced  slabs  with  large  planned  dimen¬ 
sions  (10X10  or  20X20  m)  or  coverings  made  of  precast  slabs  (hinged  together), 
with  the  planned  dimensions  from  1.5X1. 5  to  5. 0X5.0  m,  placed  on  a  solid 
filter  preparation. 

In  addition,  coverings  made  of  riprap  are  widely  used.  Riprap  is  also  placed 
on  the  layer  of  solid  filter  preparation  (Fig.  21). 


Figure  21.  The  Problem  of  Deformation  of  the  Upper  Slopes  Due  to  Wave  Action 

1 — embankment  of  the  dam;  2 — upper  covering  of  the  slope  (stone  or 
reinforced  concrete  slabs);  3 — a  layer  of  filter  preparation; 

A — wave  run-up;  5 — angle  of  incline  of  the  upper  slope  toward 
the  horizon;  J*  -k#J. — estimated  gradient  of  the  pressure  with 
pulsed  seepage  conditions. 

With  the  rise  and  fall  of  the  wave  a  pulsing  seepage  arises  in  the  filter 
preparation  layer,  due  to  which  the  strength  of  the  soil  of  the  dam  slope  and 
the  upper  covering  may  be  disturbed,  and  as  a  result,  the  stability  of  the 
slope  itself. 


To  avoid  undesirable  consequences,  the  planned  or  selected  filter  preparation 
made  of  run-of-bank  or  artificially  obtained  soils  should  be  checked  for  con- 
tact  erosion  of  the  upper  slope  of  the  dam,  if  there  is  a  condition  of  pulsat¬ 
ing  longitudinal  seepage  (from  the  rise  and  fall  of  the  wave)  in  the  layer  of 
filter  preparation. 

The  filter  preparation  will  be  a  reliable  protection  against  contact  erosion 
of  the  slopes  of  the  dam  with  pulsating  conditions  of  longitudinal  seepage, 
if  the  following  condition  is  satisfied: 


r*«  J*  <  0,75JV 


(51) 


where  — the  estimated  pressure  gradient  with  pulsating  seepage  conditions: 


(52) 


where  — the  coefficient  taking  into  consideration  the  pulsating  conditions 

of  longitudinal  seepage  (with  respect  to  the  eroding  pressure  gradient,  with 
uniform  established  longitudinal  seepage);  1^*1.13-1.50  (for  calculations  it 
is  recommended  that  the  average  value  of  kff*1.35  be  used);  — the  gradient 

in  the  layer  of  filter  preparation  on  contact  with  the  soil  of  the  embank¬ 
ment  of  the  dam: 


4  (53) 

where is  the  angle  of  incline  of  the  upper  slope  toward  the  horizon 
(Fig.  21) . 

The  value  of  J^p  is  determined: 

a)  For  the  noncohesive  soil  of  the  embankment  of  the  dam,  from  the  relation¬ 
ship  (34) ; 

b)  For  cohesive  soil  of  the  embankment  of  the  dam,  from  the  relationship 
(37). 

If  condition  (51)  is  not  satisfied,  the  granulometric  composition  of  the 
filter  preparation  should  be  changed  (toward  a  reduction  in  its  coarseness) . 

Note.  The  seepage-piping  strength  of  the  filter  preparation  itself  may  be 
checked  according  to  the  method  indicated  in  3.3,  paragraph  3°, 

3.8.  Seepage  Strength  of  Impervious  Devices:  Blanket,  Facing,  Core  of  the 
Dam 


The  impervious  devices  in  the  dam  embankment  are  Installed  in  order  to: 


a)  Reduce  the  seepage  rate  of  the  water  entering  the  tailwater; 


b)  Lower  the  depression  curve  in  the  lower  part  of  the  dam  to  increase  the 
stability  of  the  lower  slope  of  the  dam; 

c)  Reduce  the  piezometric  gradients  of  the  seepage  flow  in  the  dam  embank¬ 
ment  to  increase  its  general  (random)  and  local  (normal)  seepage  strength. 

Especially  when  the  soil  from  which  the  dam  is  made  is  piping  soil.  In  this 
case  it  is  compulsory  to  set  up  watertight  devices. 

Watertight  devices  (blanket,  facing,  core),  however,  will  fulfill  their 
positive  role  if  their  seepage  strength  is  ensured,  i.e.,  in  the  process  of 
operation  there  will  be  no  layering  off  of  clumps  of  particles  of  cohesive 
soil  or  the  soil  of  the  facing  (core)  to  the  pores  of  the  soil  of  the  dam 
triangle  or  the  first  layer  of  the  filter  under  given  specific  hydrodynamic 
conditions  and  with  the  contact  of  coarse  soils. 

In  this  case  the  dimensions  (thickness)  of  the  watertight  devices  should  be 
designated  (or  verified)  for  the  granulometric  composition  of  the  coarse  soils 
in  contact  (underlying  blanket  or  soils  coming  into  contact  with  the  facing, 
the  core  of  the  triangle  of  the  dam  or  the  filters). 

The  seepage  strength  of  cohesive  soil  with  a  plasticity  number  of  W^5  of  the 
blanket,  facing  and  core  will  be  ensured  if,  with  the  dimensions  (thickness) 
adopted,  the  following  conditions  are  satisfied: 

a)  For  the  blanket 


Jr 


(54) 


where  JQ  is  the  maximum  controlling  pressure  gradient  for  the  soil  of  the 
blanket  and  is  determined  as  indicated  in  2.5,  paragraph  4°,  Fig.  9;  h0 — 
the  loss  of  pressure  along  the  length  of  the  entire  foundation  of  the  blanket 
(see  2.5,  paragraph  4°),  Fig.  22;  Sff — the  thickness  of  the  actual  blanket; 

Jp — the  permissible  estimated  pressure  gradient  of  the  underlying  layer  of 
soil,  under  the  blanket: 


J, 


1  f  0.34 


■} 


(55) 


The  value  of  the  coefficient  <p 
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DmaX  Is  the  maximum  size  of  the  seepage  pores  of  the  soil  underlyijjg^the 
blanket  (Fig.  22),  and  is  determined  from  the  relationship  (22);  Dq  ^ 

^0.583  cm. 


Figure  22.  Calculating  the  Seepage  Strength  of  the  Blanket,  Face 

hn — loss  of  pressure  along  the  length  of  the  entire  foundation  of 
tne  blanket ;  S„ — the  thickness  of  the  actual  blanket ;  z — the 
pressure  exerted  onm|he  dam;  — the  thickness  of  the  face 

(below  point  "C”)^  D  — the  underlying  soil,  with  a  maximal 

pore  size  of  D 

o 

If  condition  (54)  is  not  satisfied,  either  the  thickness  of  the  blanket  S), 
should  be  increased,  or  an  additional  underlying  layer  of  soil  0.3t0.5  m 
thick  with  a  lower  value  of  D  should  be  placed  under  the  blanket,  i.e., 
with  a  finer  granulometric  composition. 

b)  For  the  facing  shield 


where  is  the  pressure  gradient  exerted  on  the  face;  Z — the  pressure 
exerted  on  the  dam;  — the  thickness  of  the  face  (below  point  "C"  and 
shown  in  Figure  22). 

If  there  is  no  water  in  the  tailwater  (point  "C"  lies  on  the  surface  of  the 
foundation),  the  value  of  the  pressure  gradient  exerted  on  the  face  is: 

(57) 

I 

where  h^  is  the  depth  of  the  water  in  the  headwater  (Fig.  -2);  — the 

thickness  of  the  face  along  the  bottom  (normally  for  the  axis  of  the  face). 
D  ,  included  in  the  formula  (55) ,  may  be  included  in  the  soil  of  the 
triangle  of  the  dam,  if  there  is  no  filter  on  the  lower  side  of  the  face, 
or  in  the  soil  of  the  first  layer  of  the  filter,  if  there  is  one. 


c)  For  the  core 


>•  =  M? «  «  Jp> 


(58) 

where  Jj,  is  the  maximal  pressure  gradient  of  the  core  of  the  dam  on  the 
water  level  of  the  tailwater;  A  — the  angle  of  incline  of  the  lower  edge  of 
the  core  to  the  horizon  (see  Fig.  12, b),  J  — is  determined  according  to  the 
formula  (55),  where  D  is  the  maximal  sile  of  the  seepage  pores  of  the 
soil  of  the  dam  embankment  (if  there  is  no  filter)  or  the  soil  of  the  first 
layer  of  the  filter. 

Depending  on  the  pressure  on  the  structure,  Z,  may  be  determined  the  thick¬ 
ness  of  the  clay  face  (core)  of  the  dam,  required  by  the  conditions  for 
seepage  strength,  according  to  the  relationship: 


where  Z  is  the  pressure  exerted  on  the  structure;  J  is  determined  accord¬ 
ing  to  formula  (55).  ^ 

The  conclusive  solution  to  the  problem  of  the  thickness  of  the  clayey  face 
(core)  should  be  made  by  comparative  technical-economic  calculations  in  each 
specific  case,  taking  into  consideration  all  the  requirements  imposed  on 
the  faces  (cores). 

3.9.  Seepage  Strength  of  the  Soil  of  the  Core  (Face)  in  the  Contact  Zone 
(With  Contiguity)  With  the  Rock  of  the'  Foundation 

In  practical  hydraulic  engineering,  particular  attention  should  be  paid  to 
the  contiguity  of  the  material  of  the  core  (face)  and  the  foundation,  which 
may  be  made  in  the  form  of  a  concrete  base,  a  concrete  plug  (in  a  river  bed) 
and  natural  fissured  rock  (cemented  or  noncemented) . 

In  the  zone  of  contiguity,  i.e.,  at  the  contact  of  the  material  of  the  core 
(face)  and  the  foundation,  with  unfavorable  conditions  [poor  quality  (un¬ 
compacted)  placing  of  the  soil  of  the  core  or  face,  formation  of  cracks, 
etc.],  intensified  contact  seepage  may  take  place  (see  Fig.  12, b;  J  ),  as 
the  result  of  which  there  will  be  a  disturbance  in  the  strength  of  the 
material  of  the  core  or  the  face,  which  may  lead  to  undesirable  consequences 

In  order  to  ensure  the  seepage  strength  of  the  material  of  the  core  (face) 
in  the  zone  of  contiguity  with  the  rock  of  the  foundation,  concrete  base 
or  concrete  plug,  a  higher  quality  composition  must  be  chosen  from  the  same 
material  for  the  core  (face).  Therefore,  in  designating  the  "zone  of 
granulometric  composition  of  the  soil  of  the  core  (face)  of  the  dam,  suit¬ 
able  for  placing  adjacent  to  the  foundation,"  (Fig.  23,  "Zone  fl") ,  this 
planned  or  chosen  granulometric  composition  of  the  material  of  the  core 
(face)  must  satisfy  two  basic  conditions: 
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Figure  23.  The  Problem  of  Contiguity  of  Material  of  the  Core  (Face)  and 
the  Foundation 

a — Zone  77 — the  "zone  of  a  granulometric  composition  of  the  soil 
of  the  core  (face)  of  the  dam  suitable  for  placing  adjacent  to 
the  foundation";  B< /7. — upper  limit  of  the  granulometric  composi¬ 
tion  of  the  soil  of  Zone/7;  N./7 — lower  limit  of  the  granulometric 
composition  of  the  soil  of  Zone/7;  -  -  -  (dotted  line) — the  lower 
limit  of  the  granulometric  composition  of  the  soil  placed  in  the 
core  of  the  dam  (not  in  the  zone  of  contact);  d17,  D  7 — diameter 
of  the  fractions  of  soil  of  the  lower  limit  of  Zone  if  and  placed 
in  the  core  of  the  dam  (away  from  contact  with  the  foundation); 
d«T — estimated  size  of  the  fractions  of  soil  B./f  of  Zone/7; 
b — diagram  of  the  crack  in  the  rock  (or  concrete)  foundation; 

— width  of  the  chink  (crack) . 

1.  The  lower  limit  of  the  granulometric  composition  of  the  soil  of  Zone  J7 
(Fig.  23,  a;  N/7) ,  placed  in  an  uncompacted  state  (which  may  occur  in  the 
zone  of  contact  under  production  conditions),  with  respect  to  perviousness, 
should  be  less  than  the  packed  soil  (away  from  the  zone  of  contact)  of  the 
embankment  of  the  core  or  face  of  the  dam.  The  lower  limit  of  the  soil  of 
Zone  fl ,  in  its  granulometric  composition,  should  be  of  a  finer  granular 
composition  than  the  soil  of  the  lower  limit  of  the  core  of  the  dam  (Fig.  23 
a;  dotted  line),  placed  in  its  mass,  i.e.,  with  respect  to  perviousness,  the 
following  condition  should  be  satisfied: 

*  2-5.  v  (60) 

where  k^jjf- — the  coefficient  of  seepage  of  the  soil  of  the  lower  limit  of 
Zone  H,  with  minimal  volumetric  weight  (at  a  plasticity  limit  of  WT). 

The  minimal  volumetric  weight  of  the  soil in  the  zone  of  contact  should 
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where  d  Is  the  specific  gravity  of  the  particles  of  soil  (g/cm  );  fj, — the 
coefficient  of  porosity  at  the  limit  of  flowability,  W^: 

ait 

,T  “  (62) 

3 

where  Yg  is  the  volumetric  weight  of  the  water ®1  g/cm  . 


For  rough  estimates  the  condition  (60)  may  be  presented  in  the  following 
form  (Fig.  23, a): 


■ffliL  *  2-5. 

n) 


(63) 


where  d .is  the  diameter  of  the  soil  fractions  of  the  lower  limit  of 
Zone  (I.  D — the  diameter  of  the  fractions  of  the  lower  limit  of  the  soil 
placed  in  the  mass  of  the  core  of  the  dam. 

2.  The  granulometric  composition  of  the  material  of  the  core  of  the  upper 
limit  of  Zone H  (Fig.  23)  should  be  designated  by  calculating  so  as  to  ensure 
the  impossibility  of  being  washed  away  along  the  existing  cracks  or  those 
expected  when  the  structure  is  being  operated. 

This  condition  is  expressed  by  the  following  relationship: 

***■•  »>  > 

hence 

*■  < 

where  d.  .  is  the  diameter  of  the  soil  fractions  of  the  upper  limit  of 

Zone  fl  trig.  23,  a  and  b),  b  — the  prevailing  size  of  the  opening  of  the 
cracks  in  the  rock  of  the  foundation  and  in  the  concrete  base  (plug). 

Consequently,  the  upper  limit  of  the  granulometric  composition  of  the  soil  of 
Zone  /7,  designed  for  placement  in  the  contact  zone,  should  be  designated  on 
the  basis  of  the  conditions  of  the  tendency  of  the  rock  of  the  foundation  to 
crack  (prevailing  size  of  the  existing  cracks)  or  in  consideration  of  the 
possible  crack  formation  during  operation  of  the  structure. 

In  addition,  to  obtain  the  best  contiguity  of  the  soil  of  the  core  and  the 
surface  of  the  foundation,  the  soil  of  the  core  should  be  placed  in  the  zone 
of  contact  by  the  "method  of  pouring  the  soil  into  water." 

The  width  of  the  contact  layer  at  the  junction  with  the  foundation  should  be 
3-4  m  along  the  perpendicular  to  the  surface. 


(64) 

65) 
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When  the  soil  of  the  core  of  the  dam  is  laid  "dry"  in  the  zone  of  contact 
it  should  be  placed  with  2-4%  more  moisture  content  ,  as  opposed  to  the 
optimal. 

When  the  above  conditions  are  fulfilled,  reliable  union  is  ensured  between 
the  soil  of  the  core  of  the  dam  and  the  foundation,  i.e.,  the  seepage  strength 
of  the  soil  of  the  core  (face)  of  the  dam  is  ensured  in  the  zone  adjacent 
to  the  cracked  rock  of  the  foundation,  the  concrete  base  and  the  concrete 
plug. 


PART  4 

EXAMPLES  OF  CALCULATING  LOCAL  SEEPAGE-PIPING  STRENGTH 
OF  THE  SOIL  OF  THE  EMBANKMENT  OF  THE  DAM 
AND  THE  SOIL  OF  THE  FOUNDATION 

Example  1.  A  homogeneous  dam  is  built  up  from  the  sand  of  the  foundation — 
layer  1.  A  sandy  layer — 1 — lies  in  the  foundation  of  the  dam,  and  layer  2 
is  a  sand-gravel  layer;  Fig.  21, a,  area  A. 

To  Be  Determined  Are: 

a)  The  tendency  for  piping  (lack  of  piping  tendency)  of  the  soil  of  the 
embankment  of  the  dam  and  the  soils  of  the  foundation; 

b)  The  critical  piping  gradient,  permissible; 

c)  The  eroding  pressure  gradient  in  the  zone  of  contact. 

Composition  of  the  Soils 

a)  Soil  of  the  embankment  of  the  dam  and  layer  1  of  the  foundation: 

d  .  “0.01  mm;  do*0.02  nan;  d,  *0.10  mm;  d,_*0.14  mm;  d,  =1.0  mm;  d  *3.0  mm; 
min  XU  ^  x  /  bU  wax 

volumetric  weight  1.7 7  g/cm  ;  coefficient  of  variation  in  granular  size 

V =  10;  porosity  n*0.33;  coefficient  of  seepage  kj*0.012  cm/sec. 

“10  7 

b)  The  soil  of  layer  2  of  the  foundation: 


D  .  =0.20  mm;  D,  =0.31  mm;  D,  *0.44  mm;  D,  *3.0  mm;  D  =20.0  mm;  coefficient 
min  Xu  1/  ou  max 

of  variation  in  granular  size  ^=9.7;  porosity  ^=0.33;  coefficient  of  seep¬ 
age  k^  *0.12  cm/sec. 

1)  He  determine  the  piping  tendency  of  the  soil  of  the  dam  embankment  and 
of  the  soil  of  layer  1  of  the  foundation  (embankment  of  the  dam  is  built  up 
from  the  soil  of  layer  1  of  the  foundation). 


According  to  the  relationship  (22)  we  determine  the  diameter  of  the  maximal 
seepage  pores  in  the  soil 

!.  ~  V*  r^ri;  *°  0.455- 1.40  v/rffi'r~~|rfo0.i4  a  Qffi  mm. 

The  coefficient  of  nonuniformity  of  the  distribution  of  the  particles  in  the 
soil  or  the  coefficient  of  localization  of  the  piping,  x>  is  determined  from 
the  formula  (23) 

x=l+0 . 057=1+0 .05-10=1.50 


The  maximum  coarseness  of  the  particles  which  may  be  carried  away  from  the 
soil  is  determined  from  formula  (24): 

d2J*-0.77d2“=0. 77 -0.07=0. 54  mm 

This  soil  contains  8%  (>3%)  particles  smaller  than  0.054  mm,  and  consequently 
this  soil  should  be  considered  as  piping  soil. 

2)  We  will  determine  the  value  of  the  critical  piping  gradient  at  which  the 

piping  particles  (d  )  may  be  carried  away  from  the  soil,  beginning  with 

d”?*  and  less  (d  <5%). 
ci  ci 


The  value  of  the  critical  piping  gradient  is  determined  from  the  relationship 
(29) 


A, Y 


where y  is  the  coefficient  of  the  critical  rate,  and  is  determined  from 
formula0 (30) : 


After  substituting  the  values  in  (29),  we  obtain 


K p  -  127 dtt 


(29’) 


By  substituting  the  values  of  d£^  in  (29'),  from  d^  and  less,  we  obtain 
the  value  of  the  critical  piping  gradient  for  each  size  of  the  piping  parti¬ 
cles  (from  which  the  %  of  removal  may  be  determined). 

a)  If  dmfX=0.054  mm  =0.0054  cm  is  substituted  in  (29*) ,  we  obtain: 


Jkp=127-0.0054fc>0.70 

i.e.,  for  a  particle  removal  d^Jf^O.054  mm  (8%),  a  pressure  gradient  of 
J  0.70  is  required. 

b)  To  determine  the  pressure  gradient  at  which  the  strength  of  the  soil  will 
not  be  disturbed,  d£i^3%  should  be  substituted  in  (29'),  i.e.,  dci*d3«0.02  mm 
=0.002  cm. 

After  the  substitution  we  obtain: 

Jkp=127- 0.002=0. 254 

Consequently,  in  order  to  avoid  dangerous  mechanical  piping  occurring  in  the 
given  soil  of  the  dam  embankment  and  in  layer  1  of  the  foundation,  the  per¬ 
missible  pressure  gradient  in  it,  taking  into  consideration  the  safety 
factor  (k3),  should  be: 

Jm  *  k^kp^i.io  0 •  254=0 . 23 

Uhen  the  embankment  of  the  dam  and  the  foundation  are  checked  for  random 
(general)  seepage  strength  of  the  soil,  the  permissible  controlling  pressure 
gradient  (*Jk)*»  determined  from  Tables  1  and  2,  should  be  greater  than  or 
equal  to  the  permissible,  i.e. 

Let  us  determine  the  piping  tendency  of  layer  2  of  the  foundation  soil. 

According  to  the  relationship  (22),  we  determine  the  diameter  of  the  maximal 
seepage  pores  in  the  soil 

-  <M65. I.-W  -  M2 

«  =1+<M*^=I  -  0105  9,7  -  l,«. 

The  maximal  coarseness  of  the  particles  which  may  be  removed  from  the 
soil  is  determined  from  formula  (24) : 

d?fx=0.77D®ax=0. 77- 0.22=0. 17  mm 

According  to  the  relationship  (25),  if  the  maximum  size  of  the  piping 
cles,  d®fx  is  less  than  the  minimum  size  of  the  soil  particles,  D®*n, 
in  this  case,  i.e. 

d£!x<Dmin(0.17  mm<0.20  mm) 

the  given  soil  (layer  2  of  the  foundation)  is  nonpiping  soil.  Even  the 
finest  of  its  particles  cannot  be  removed  from  its  composition  with  any 
pressure  gradient  value. 

Consequently,  the  seepage  strength  for  it,  with  respect  to  mechanical  piping, 
will  be  ensured  under  any  hydrodynamic  conditions. 


given 


parti- 
we  have 


mm m 


4)  Determining  the  erosive  pressure  gradients  in  the  zone  of  contacts. 

In  this  example  it  is  assumed  that  the  soil  of  the  embankment  of  the  dam 
and  layer  1  of  the  foundation  soil  are  identical.  Consequently,  the  contact 
seepage  will  occur  between  layers  1  and  2  of  the  foundation  (Fig.  12,  a, 
area  A) . 

The  critical  gradient  of  contact  erosion  of  noncohesive  soils  is  determined 
from  the  relationship  (34) : 


where  f,  -1  is  the  coefficient  considering  the  shape  and  roughness  of  the 
particles;  d£  -d^-0.02  mm — the  size  of  the  particles  of  fine  soil  of  layer  1 
of  the  foundation,  contained  in  it  in  an  amount  of  3%  and  less,  with  the 
strength  of  the  contact  zone  not  disturbed  from  their  removal;  D  — the  aver¬ 
age  diameter  of  the  seepage  pores  of  the  coarse  soil  of  layer  2  of  the 
foundation,  determined  from  the  relationship  (28): 


0.  -  UK  ^  o,, .  j  ,-gj  ^  ^  _  W4  ^ 


&  — the  angle  between  the  directions  of  the  seepage  rate  and  the  force  of 
gravity. 


After  substituting  the  values  in  (34),  we  obtain: 


«0l42. 


The  permissible  erosive  pressure  gradient,  taking  into  consideration  the 
safety  factor,  will  be: 


(J/*3  JP  1.10 


0.42-0.38 


From  the  calculations  shown  it  follows  that  for  the  estimated  permissible 
controlling  pressure  gradient  for  the  given  case,  the  minimal  piping  gradient 
should  be  assumed  in  accordance  with  the  relationship  (a),  i.e. 

Example  2.  The  dam  has  a  pipe  drain  (Fig.  12,  a  and  Fig.  20).  For  this 
type  of  drain  there  must  be  a  determination  of  the  size  of  the  drain  tri¬ 
angle,  if  the  soil  of  the  embankment  and  foundation  of  the  dam  has  the 
physical  characteristics  assumed  in  example  1. 

Paragraph  3.6  states:  in  order  to  avoid  deformations  of  the  soil  occurring 
in  the  drain  area,  the  dimensions  of  the  drain  triangle  should  be  such  that 
the  input  pressure  gradient  J ^  will  be  less  than  or  equal  to  the  permissible, 
i.e.  m 

Jm  <  = 


I 


From  example  1  we  have  3uor  *  IF1 —  ^kp  =  0*23,  and  consequently,  0.23. 

To  determine  the  dimensions  of  the  drain  triangle,  determination  should  be 
made,  from  the  formula  (50),  of w  — the  area  of  the  active  section  of  the 
seepage  flow,  entering  the  drain  triangle  and  related  to  1  linear  meter  of 
the  drain  (Fig .  20) : 


•  =  It  : 


Mathematical  data: 

Seepage  rate  to  the  drain,  Q=0.093  l/sec=8.0  m^/day. 

Coefficient  of  seepage  of  the  soil  of  the  embankment  (and  the  foundation)  of 
the  dam,  ly-0.012  cm/sec=10.4  m/day; 

The  input  pressure  gradient  should  be  less  than  or  equal  to  the  permissible, 
and  we  assume  =0.23. 

After  substituting  the  values  in  (b)  we  obtain  (Fig.  20): 


hence 


^=l.L--2 - rn'/  VTr3-35  “2 

10.4*0.23 

L=l]+1 2+13+14+15*3. 35  m. 


With  the  given  size  of  the  wetted  perimeter  of  the  drain  triangle,  the  input 
gradient  J^x  will  be  equ?l  to  the  permissible,  J^.  . 

Individual  sizes  of  the  drain  triangle  according  to  Fig.  20  may  be  designated: 

1 1=0. 10  m 
12*1.20  m 
13=1.00  m 
14=1.20  m 
l5=0.10  m 

L=3.60  m 

Example  3.  A  concrete  dam  is  placed  on  a  sand  foundation  with  the  following 
basic  physical  characteristics  of  the  soil: 

Volume  weight  of  the  dry  soil  Tck“l*77  g/cm^; 

Porosity,  n=0.33; 


t 
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Specific  gravity  of  the  material  of  the  soil  particles^  =2.65  g/cm  ; 

Pressure  on  the  dam,  Z=20  m. 

Figure  IS  shows  the  outlet  fragment  of  the  underground  contour  of  the  dam 
with  the  lines  of  the  equal  pressures  and  the  curve  of  the  outlet 
pressure  gradients  *f(x).  The  lines  of  the  equal  pressures  are  plotted 
through  0.1  Z.  x 

The  maximal  value  of  the  output  pressure  gradient  in  the  tailwater  (according 
to  the  seepage  studies)  corresponds  to  the  value  ^1.58. 

To  Be  Determined  Are: 

a)  The  critical  gradient  of  heaving  for  the  given  soil  of  the  foundation; 

b)  The  thickness  and  length  of  the  overload  in  the  area  where  the  seepage 
flow  emerges  into  the  tailwater. 

To  solve  the  above  problems,  the  instructions  given  in  paragraph  3.5,  2°  (1) 
should  be  used. 

1.  Determining  the  critical  heaving  gradient,  for  the  given  sell  of  the 

foundation  if  there  is  no  overload  where  the  seepage  flow  emerges  into  the 
tailwater . 

The  critical  heaving  gradient  is  determined  from  the  relationship  (41): 

'Ip  =  (£  -  ’jO  - »>  =  (t-  -  «)(»  - 0.33)  -  1,10? 
rje  i  *  2,65  «/<.*»;  7,  *  1.0  ?  n  ■■  0,33.  , 

where 

T1 

The  value  of  (1.58  1.10).  In  this  case  an  overload  should  be  in¬ 

stalled  in  the  area  where  the  seepage  flow  emerges  to  the  tailwater. 

2.  Determining  the  thickness  and  length  of  the  overload.  The  thickness  of 
the  layer  of  the  overload  T  is  determined  from  the  formula  (43): 

T“t(JA»/x'Jkp>r^k-r*n' 

We  will  determine  the  values  Included  in  formula  (43) . 

t  is  the  thickness  of  the  layer  of  soil  of  the  foundation,  corresponding  to 
the  critical  depth  of  the  heaving  zone,  and  is  determined  according  to  the 
method  given  in  paragraph  3.5,  2®(1). 


An  estimated  "y"  vertical  is  drawn  at  the  outlet  fragment  of  the  underground 
contour  of  the  structure,  through  its  end  point,  as  shown  in  Figure  15. 


On  this  estimated  vertical  is  constructed  the  distribution  curve  of  the 
gradients  J*f(y)  through  the  points  of  intersection  of  the  "y"  vertical 
with  the  lengths  of  the  equal  pressures  (points  1,  2,  3...). 

For  the  example  given  for  Figure  15,  the  distances  along  the  vertical  from 
the  surface  of  the  tailwater  (from  point  A) ,  corresponding  to  the  deepenings 
of  points  1,  2,  3...,  the  pressures  and  the  gradients  will  be: 


y^*1.6  m  '►dhy^*2  m-*Jy^*1.25 
y2*4.2  m-*dhy^=*4  m-* Jy^*0.96 
y.j*6.8  m-*.ahy2*6  m -+.1^*0. 88 

The  curve  Jy*f(y)  is  constructed  according  to  the  data  obtained,  as  shown  in 
Figure  17. 

T^e  thickness  of  the  layer,  t-y^p,  is  determined  from  the  value  obtained  for 
j£p  *1.10,  drawn  along  the  axis  jy  (Fig.  17). 

In  this  case  t=2.50  m;  *1.58;  j£p*1.10;  1  t/m^;  *1.80  t/nr* 

(volume  weight  of  the  material  of  the  overload);  *1.50. 

After  substituting  the  values  in  (43) ,  we  obtain  the  thickness  of  the  layer 
of  the  overload 


1*2.50(1.58-1.10)^^1.50*1.0  m 

1  •  oU 


The  length  of  the  overload,  brp  ,  is  determined  from  the  curve  of  the  outlet 
gradients  ^^(x).  ' 

Knowing  J^p-1.10,  we  find  on  line  =f (x)  the  point  corresponding  to  Jfcp* 
*1.10,  and  on  the  scale  we  determine  Xfcp*3  m,  taking  into  consideration  tnat 
kj^^l.5,  we  obtain 

"kjyy  Xkp=1.5*3*4.5  m 

Note:  1.  The  material  of  the  overload  may  be  in  dry  or  suspended  state  (if 
there  is  water  in  the  tailwater), 

2.  The  material  of  the  overload  in  the  zone  of  contact  with  the  soil  of  the 
foundation  should  be  placed  according  to  the  principle  of  the  reverse  filter. 

Example  4.  A  relatively  thin  clayey  (1)  layer  of  soil,  tc4  *4  m  thick,  lies 
at  the  foundation  of  the  dam  (Fig.  12, a,  area  B;  Fig.  18).  The  second  layer 
(2)  is  sand  and  gravel.  The  pressure  exerted  on  the  dam  is  Z*(vUVB-VUNB)* 
■20  m. 


In  this  case  it  is  required  that: 


a)  The  layer  of  clayey  soil  of  the  foundation  in  the  tailwater  area  be 
checked  for  local  seepage  heaving; 

b)  The  appropriate  measures  be  outlined  to  ensure  the  seepage  strength  of 
the  soil  of  the  foundation  when  the  seepage  flow  emerges  into  the  tailwater. 


1.  Let  us  determine  the  active  heaving  gradient  in  the  tail  water  for  the 
'ey  sc 

relationship  (47) 


layer  of  clayey  soil  t<M=4  m  thick,  in  accordance  with  the  approximate 


„0.5Z  0.5-20 


tel 


2.5 


For  the  given  clayey  soil  of  the  foundation,  the  critical  heaving  gradient 
(if  there  is  no  overload)  is: 

'•>  -  (s  -  ’)" '  •> (t1 2 - MI)  ‘ 

3 

where  4=2^72  g/cm  — the  specific  gravity  of  the  particles  of  the  clayey  soil 
T g/cm  — the  volumetric  weight  of  the  water;  n=0.37 — the  porosity  of  the 
clayey  soil. 

From  a  comparison  of  the  gradients,  we  have: 

•W>Jkp  (2.5  >1.08), 

which  indicates  the  need  to  protect  the  clayey  soil  from  heaving  in  the  tail- 
water  area. 

2.  Selection  of  the  measures  to  ensure  the  seepage  strength  of  the  soil  of 
the  foundation  in  the  tailwater  area. 

To  ensure  the  seepage  strength  of  the  clayey  soil  of  the  foundation  in  the 
tailwater,  two  variants  of  the  measures  (Fig.  18)  may  be  outlined: 

1)  Overload  with  a  layer  of  coarser  soil,  of  appropriate  thickness  and 
length; 


2)  Installation  of  a  vertical  overload  drain. 


In  this  case,  with  a  heaving  gradient  of  J  heav=2.|,  the  thickness  of  the 
layer  of  the  overload  required  (when  Y,- =1.75  t,  m  and  n*0.34),  if  there  is 
no  water  in  the  tail  water,  is: 

^“tcl (^awv ~^kp)^  ^3ajr *4(2. 5-1 . 08)y-yjr- 1 . 5=5  m 

When  there  is  water  in  the  tailwater,  and  when  the  overload  material  is  sus¬ 
pended,  i.e.,  when 


The  thickness  of  the  overload  Is 


T»4(2.50-1.08)y~  • 1.5=7. 8  m. 

Obviously,  in  this  case  a  vertical  relief  drain  must  be  installed  (Fig.  18). 

The  conclusive  decision  may  be  made  as  the  result  of  a  technical  and  economic 
comparison  of  the  variants. 

Example  5.  A  rock-ear thf ill  dam  with  a  loamy  core  is  installed  in  a  narrow 
canyon  on  a  fissured  rock  foundation.  Fig.  12,  b. 

In  order  to  ensure  the  seepage  strength  of  the  material  of  the  core  in  the 
area  adjacent  to  the  fissured  rock  of  the  foundation,  the  highest  quality 
composition  of  the  soil  must  be  chosen  from  the  material  of  the  core  to  place 
in  the  contact  zone. 

Figure  23  shows  the  "zone  of  granulometric  composition  of  the  material  of  the 
core  of  the  dam,"  outlined  below  by  a  dotted  line  and  above  by  a  solid  line 

0 Qn). 

The  content  of  clay  particles,  d <0.005  mm,  varies  from  5  to  15%. 

The  maximum  fractions  are: 

a)  The  lower  limit  of  the  zone  (dotted  line) — 100  mm; 

b)  The  upper  limit  of  the  zone — 6  mm. 

The  predominant  size  of  the  width  of  the  cracks  in  the  rock  of  the  founda¬ 
tion  is  b^=1.5  mm. 

The  recommendations  given  in  section  3.9  should  be  used  as  a  guide  to  select, 
from  the  same  composition  of  core  material,  a  higher  quality  of  its  composi¬ 
tion,  suitable  for  placing  in  the  zone  of  contact  with  the  fissured  rock  of 
the  fourdation. 

1.  Determining  the  lower  limit  of  the  granulometric  composition  of  the  soil 
of  Zone (1  (Fig.  23,  a///7). 

a)  The  minimal  volume  weight  of  the  soil,  y' placed  in  the  zone  of  con¬ 
tact,  should  be: 


In  this  case  we  have: 

The  specific  gravity  of  the  material  of  the  particles  of  the  soil  of  the  core 
A  =2.70  g/cm^; 


The  upper  limit  of  plasticity  #^=35, 5%; 

The  volume  weight  of  the  water  7^=*  1  g/cm^. 


The  coefficient  of  porosity  at  the  flowability  limit  WT 
formula  (62): 


•UPt  2,70.35,5 

=  “rsrr  -  a96- 


is  determined  from 


« 


After  substituting  the  values  in  (61),  we  obtain: 


k'  t+BI  -1-38 


b)  The  lower  limit  of  the  granulometric  composition  of  the  soil  of  Zone  H 
should  satisfy  the  condition  (63): 


7^* 

Dh(a.  *) 


2-5. 


♦ 


% 


where  Di7(;i)“0-05  mm  is  the  diameter  of  the  fractions  of  the  lower  limit  of 
the  soil,  placed  in  the  mass  of  the  core  of  the  dam  (away  from  the  zone  of 
contact);  Dx7(*./>.)“0*02  mm — the  diameter  of  the  soil  fractions  of  the  lower 
limit  of  Zone  . 


After  substituting  the  values  in  (63),  we  obtain: 


0.052 

0.02* 


6.25 


condition  (63)  is  approximately  satisfied. 

2.  Determining  the  upper  limit  of  the  granulometric  composition  of  the  soil 
of  Zone  H  (Fig.  23,  b). 

The  upper  limit  of  the  granulometric  composition  of  the  soil  of  Zone  /7  is 
designated  on  the  basis  of  the  conditions  of  the  degree  of  cracking  of  the 
rock  of  the  foundation  (predominant  size  of  the  width  of  the  cracks)  or  the 
expected  degree  of  cracking  (concrete  base,  plug)  when  the  structure  is  in 
operation. 

In  this  example  the  predominant  size  of  the  cracks  is  V1-5  mm. 

The  nonerosive  nature  of  the  soil  of  the  core  of  the  dam  along  the  cracks  will 
be  ensured  if  condition  (65)  is  satisfied,  i.e. 

beyC1-8d85(<  „.) 


4 


In  this  case  (Fig.  23,  a),  d85“0.9Q  nm,  and  the  size  of  the  cracks  may  be: 

1.8 *0,90=1. 62  mm 

i.e.,  condition  (65)  is  satisfied. 

Consequently,  in  order  to  ensure  the  seepage  strength  of  the  soil  of  the  core 
adjacent  to  the  sides  of  the  canyon,  the  granulometric  composition  of  the 
soil  of  Zone/7,  Fig.  23,  a,  may  be  recommended  for  placement  in  the  contact 
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HO-3eMAHHOA  nJIOTHH  npHXOAHTCfl  peiliaTb  BOnpOC  0  (pHAbTpaUH- 
OHHoft  npoMHOCTH  rpyHTa,  o6pa3yioiuero  TeAO  h  ochobbhhc  iiao- 
THHU.  OT  peilieHHfl  3T0r0  Bonpoca  CymeCTBeHHO  33BHCHT  OCHOBHbie 
pa3Mepu  coopyHceHHH,  a  CAeAOBaTeAbHo,  h  ero  ctohmoctb. 

<t>HabTpauHOHHbjfi  noTOK,  no.ny'jaJom.Hftca  b  Te^e  haothhu  h 
ee  OCHOB3HHH,  OSyCAaBAHBaeT  B03HHKH0BCHHe  COOTBCTCTByiOlUVIX 
4)HJibTpauHOHHbix  cha,  npHAOweHHUx  k  cxejieTy  (TBepAofl  4>a3e 
rpyHTa).  3th  chjiu,  c  oahoA  ctopohu,  MoryT  cnoco6cTBOBaTb  chh- 
aceHHIO  06mefl  yCToAqHBOCTH  OTKOCOB  nJIOTHHbl  hah  o6ycAaBAH- 
BaTb  B03HHKH0BeHHe  T3K  Ha3blBaeMOrO  MeCTHOrO  (pHAbTpaUHOHHO- 
ro  Bbinopa,  c  ApyroA  we  CTOpOHbi,  ynoMHHyTbie  chau  MoryT 
Bbi3B3Tb  (pH^ibTpa uHOHHbie  Ae<|>opMauHH  cneAeTa  rpyHTa  b  bhac 
T3K  H33blBaeMbIX  Cy(|)(j)03HH  H  KOAbMaTawa. 

H3BCCTHO,  MTO  npH  npOeKTHpOB3HHH  n/!OTHH  npHXOAHTCH  pa3- 
maTb  6e3onacHue  (pHJibTpauHOHHbie  Ae<t>opMauHH  (HanpH- 
Mep,  6e3onacHyio  cy4>4>03Hio),  KOTopue  He  MoryT  Bbi3Ban>  pa3- 
pyiueHHe  coopyweHHfl;  BMecTe  c  TeM  npHxoAHTca  pa3AHqaTb 
Taxwe  HonacHue  <})HAbTpauHOHHue  Ae4>opMauHH,  o6yCAaBAH- 
Batomne  HapyuieHHe  ynoManyToft  Bbiuie  (JwAbTpauHOHHoA  npoq- 
hocth  rpyHTa;  3th  AecfiopMauHH  MoryT  npHBecTH  coopyweHHe 
k  noAHOMy  pa3pyuieHHio.  H3yqeHne  h  aHaAH3  aBapnft  3cmahhux 
tlAOTHH  nOKa3UBaiOT,  HTO  OKOAO  8C%  aBapHfi  np0H30UIA0  HMeHHO 
BcaeACTBHe  HapyiueHHH  4>HAbTpauHOHHoA  npoqHOCTH  rpyHTa  TeAa 
TIAOTHHbl  HAH  OCHOB8HHH. 

IlpeAAaraeMoe  nocoCne  aah  npoeKTHpoBaHHB  aeMAHHux  Ha* 
nopHbix  coopyweHHfl  He  38TparHBaeT  Bonpoca  06  o6iu.eA  ycTOft- 
M H BOOTH  aeMAiIHUX  OTKOCOB  (nO  BTOMy  Bonpocy  CM.  .yKaaaHHH 
no  pacqeTyycroAqHBocTH  aeMAHHux  otkocob“,  BCH  04*71,  cocraB- 
AeHHue  P.  P.  MyraeBUM  Ha  ocHOBe  ero  HayqHux  pa3pa6oTOK). 
Hnwe  paccuaTpHBaiOTCH  TOAbKO  Bonpocu  (jwibTpaiiHOHHoA  npoq* 
hocth  rpyHTa  b  noacHeHHOM  Buuie  cMucae;  AonoAHHTeAbHo  b  He* 
kotopoA  Mepe  ocBemaeTCH  Taxwe  pacqeT  MecTHoro  (pHAbTpauHOH- 
hoto  Bunopa. 

CoraacHO  KOHuenuHH  P.  P.  MyraeBa,  npHHHToA  b  CHuIle  {1| 
h  Hopuax  M9C  CCCP  (14J  h  noApoCKO  ocBeweHHoA  b  ero  Tpy* 
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flax  [2,  4],  b  o6flacTH  Bonpoca  o  <})H;ibTpauHOHHofl  npoqHOCTH 
rpyHTa,  aieflyeT  paaAHqaTb: 

а)  Tax  Ha3HBaeMyio  Kaayaflhiiyio  (cjiywafinyio)  4>HflbTpa- 
UHOHHyiO  IipOMHOCTb,  KOTOpyK)  HeT  B03M0>KH0CTH  paCCqHTbIBaTb, 
onupascb  Ha  annapaT  MexaHHKH,  h 

б)  Tan  Ha3binae>iy!0  ho  pm  a  a  i>  ii  y  io  <j)HAbTpauHOHHyio  npoq- 
HOCTb,  KOTOpafl  MOMteT  paCCXHTblBaTbCH  Ha  OCHOB3HHH  33KOHOB 
MexaHHKH  c  Hcnoflb30BaHneM  3apanee  H3BecTHbix  rpaunqubix  h 
HaqaflbHbix  ycjiOBHft. 

OC06eHHO  B3)KHblM  B  npa  KTHMeCKOM  OTHOUieHHH  HBAHeTCH 
Bonpoc  O  Ka3yaflbHOft  (JjHflbTpaUHOHHOft  npOHHOCTH  3eMflHHOrO  co- 
opyweHHH,  TaK  Kan  hmchho  hcxoah  H3  yqeTa  stoA  npoMHocTH 
AocTaTOHHO  qacTO  iiphxoahtch  Ha3HaqaTb  rviaBHeftiuHe  pa3Mepu 
3eMflHHbix  coopyweiiHft,  nanpuMep,  aakhh  nyiefl  (pHAbTpatiHH, 
npoTHBonocTaBjifleMue  AefictByiotueMy  Ha  coopywemm  Hanopy. 

Mto  KacaeTCH  HopMaflbHOft  4)H;,b,rPaiiHOHHOfl  npoqHOCTH,  hcxo- 
Afl  H3  KOTOpofl  qacTO  npoeKTupyioTCH,  b  qacTHOCTH,  oCpaTHbie 
(pHflbTpbl  COOpyWeHHfl  (HBAHKHUHeCH,  KaK  H3BCCTHO,  OflHHM  H3 

Hanfioflee  oTBeTCTBeHHhix  sfleMeHTOB  rHApOTexHuqecKoro  coopy- 
MeHHfl),  to  b  npHBOflHMbix  HHate  MaTepHa.nax  Hcno^b3yiOTCH  na- 
yqHbie  pa3paCoTKH  A.  H.  PlaTpaiueBa,  M.  n.  riaBqHqa, 
T.  X.  ripaBeflHoro,  B.  H.  )KHJieHKOBa  [6,  7,  8,  9,  10,  11,  13). 

OcHOBHoe  Ha3HaqeHne  npeflflaraeMoro  noco6HH  —  flaTb  b  pyKH 
HHWeHepOB-npaKTHKOB  CHCTeM3THqeCKH  H3.10)KeHHbie  H  yfloGHbie 
AJi a  npaKTHqecKoro  upHMeHeHHH  coBpeMeHHbie  MeTOflbi  oueuKH 
(pH^bTpaiiHOHHofl  npoqHOCTH  HanopHbix  3Cm^hhux  coopyweHHfl. 

HacToamee  „Py  koboactbo  no  pacneTaM  <|)H.ibTpauHOHHoft 
npoqHOCTH  nflOTHH  H3  rpy htobux  MaTepnaflOB*  cocraBfleHo  b  Jla- 
CopaTopHH  3e MABHbix  rn;ipocoopy>KeHHft  ct.  nayq.  coTp.,  KaHfl. 
TexH.  Hay«  f\  X.  flpaBeAHhiM. 


Pa3jej  1.  0B1UHE  nOJIO>KEHHfl 

1.1.  OEJIACTb  nPHMEHEHHfl 

HacTonmee  .PyKOBOACTBO"  pacripocTpawieTCH  Ha  npoeimipo- 
BBHHC  H  CTpOHTe.l bCTBO  I1A0THH  H3  rpVHTOBUX  MaTepiiaAOB  H  npeA* 
H33na naeTCH  aa«  npoBe/ieHHH  npoBepKH  (pHAbTpauHOHHoa  npoq- 
hocth  nonepeqHux  ceqeHHft  (npoipHAeft)  iuiothiiu. 

ripoBepKa  Ha  $MAbTpamioHnyio  npoqHocTb  nonepeqHbix  ceqe- 
HHfl  RAOTHHbl  A'>A>KHa  BbinOAHHTbCH  C  VMeTOM  npilHHTOft  KOHCT- 
py kuhh  n.ioTH’.u,  reo.iorHMecKoro  ctpochhh  ochob3hhh  ii  4pH3H- 
qecKHx  xapa1  repwcTHK  rpyHTOB. 

OKOimaT'.MbHbie  pa3.uepu  iiaothhu,  a  Taione  (|)opMbj  h  paavte- 
pu  no.aacMiioro  uoHTypa  n.iotiinu  AO.ixaibi  Gutb  oGocHOBanbi 
cooTBeTctBy ioiiihmh  pacHBTaMH,  b  tom  mic.ie  ii  pacqeTa\in  cpiub- 
TpaUHOHHOii  lipO'IHOCTII. 

npH  pacneTax  (pHAbTpamioHHOii  npoqHocTii  CAeayeT  y qaTUBan.: 

1)  xasyajibHYio  <p  h  a  b  t  p  a  u  h  o  h  ii  v  io  npoqHOCTb 
rpyHTa  TeAa  iuiothhu  ii  rpvHTa  octiOBaHiin,  KoropaH  xioweT 
6uTb  HapyuieHa  b  3apanee  He  H3BecTHbix  oTAe.ibiiwx  MecTax 
npoAOJibHoro  npoipiuii  nAOTHiibi,  BCAeACTBiie  psua  npviqHn: 
b  npouecce  upoioBOACTBa  paGoT,  HeyqTeimoft  HepaBiioxiepHoft 
ocaAKoil  (IAOTHHM,  HeyqTeHHofl  HeoAHopoAHocTbio  rpyHTa  h  AP-, 
hto  Mo>KeT  npHBecTH  k  o0pa3OBaHHio  b  Te.ie  nAOTHHbi  hah  ee 
OCHOB8HHH  nonepeqHbix  xoaob  (meAeft)  cocpeAOToqeHHofl  ipiiAb- 
TpauHH.  Ha  ocHOBaHHH.  pacqera  Ka3yaAbno/i  (pHAbTpauHOHHoii 
npoqHOCTH  rpyHTa  TeAa  nAOTiiHbi  h  ee  ocHCtBaiiHH  ycraHaBAHBaioT- 
ca  rAaBHefluiHe  paaMepbi  3C.MAHH0ft  haothhu,  iok-to:  AAiina,  on- 
peAeAHioiuafl  MecTonoAOweHHe  Apena>na  hii30boio  kahhs  haoth- 
hu,  TOAiuHHa  «Apa  hah  sKpaHa,  noHypa  h  np.  9tot  pacqeT  aoa- 
wen  BbinoAHHTbCB,  hcxoah  H3  HanGoAbiuero  B03MO>KHoro  iianopa, 
AeflcTByiomero  na  coopyweHne,  no  Menuy  (npeA^iowenHOMy 
P.  P.  QyraeBbiM)  KOHTpojinpyiomero  rpaAHeHTa  Hano- 
pa  yK  (k3k  HexoTOporo  xapaKTepHoro  rpaAHeHTa  Hanopa  aah 
Bceft  o6a8Cth  (pHAbTpamiH  hah  ee  qacTH).  OpH  BbinoAHeHiin  yxa- 
3aHHbix  pacqeTOB  CAeAyeT  paccMaTpHBaTb  oTAeAbHo  ocnoBaiiHe  h 
TeAO  nAOTHHbi: 

2)  h  o  p  m  a  a  h  h  y  io  <p  w  a  i>t p a  h it  o  ii  h  y  io  npouHoCTb 
rpyHTa  TeAa  haothhij  ii  rpyirra  ocaoaaiuiH,  ijoTopaa  MoweT 
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6uTb  Hapyuiena  b  p aae  h3bccth bix,  HaHSoAee  cAaGux  MecTax 
nonepewHoro  n po$ hah  coopyaceHHH,  HanpHMep:  Ha  koh- 
TaxTax  M6^iK036pHHCTbix  h  KpynH03epHHCTux  rpyHTOB,  CAaraiouiHX 
OCHOB3HHC  HAH  CaMO  TeAO  3eMAHH0ft  nAOTHHbi;  B  oGAaCTH  BbIXOAa 
(})H^bTpauHOHHoro  noTOKa  b  hhwhhA  6be<t>,  r^e  mowct  npoHexo- 
AHTb  HAH  4)H^bTpai<HOHHblft  BbltlOp  rpyHTa  HAH  BHeUJHH'H  Cy<j)(j)0- 
3hh,  BHyrpeHHHfl  :cy4)(})03HH  b  Te^e  3eMAHHoft  h^othhu  hah 
b  rpyHTe  ocHOBaHHft;  ripn  buxoac  ($>HAbTpauHOHHoro  noroxa  b  cjioII 
ijiHAbTpa  Apenawa  hah  nepexoAHyio  30Hy  h  np.  PacneT  Hop- 
MajIbHOft  $H^bTpaUHOHHOfl  npOHHOCTH  TpyHTa  OCHOB3HHH  3CMAH* 
HbIX  nAOTHH  H  HX  SACMeHTOB  peKOMCHAyeTCH  BbinOAHHTb  HO  Me- 
TOAHxe,  npHBeAeHHOft  HHHte. 

Emh  tjjH^bTpauHOHHaa  npoHHOCTb  coopyweHHH  hah  ero  ot* 
aejibHbix  KOHCTpy kth bh bi x  SAeMeHTOB  ne  oGecnenHBaeTCH,  TO 
b  3TOM  CAVnae  aoawhu  GuTb  npe^ycMOTpeHu  cooTBeTcTBy  tourne 
vnmeHepHbie  MeponpHHTHH  no  ynpoHHeHHio  coopyxceHHa  iijh  ero 
OTAeAbHbIX  34eMCHT0B. 

1.2.  nPHHflTME  TEPMHHbl  H  0E03HAMEHMH 

PeKOMeH^yeTCB  npHAepwHBaTbCH  cAeAyiomHX  TepMHuoa  h 
GyKBeHHbix  o6o3HaneHHft. 

OCHOBHblE  TEPMHHbl 

<J>HabTpauHOHHWe  AetjiopMauHH  r  p  y  h  t  a — AetjiopMa- 
uhh  TBepaoft  (})a3bi  rpyHTa,  Bbi3WBae.vibie  r.iaBHUM  o6pa30M  cHAa- 
MH  TH4pa BAHHeCKOTO  B03Ae&CTBHH. 

O  n  a  c  h  hi  e  $HAbTpauHOHHbie  Ae<J>op\<auHH  —  4>HJibTpaunoHHbie 
4e4>opMauHH,  b  pe3yjibTaTe  KOTOpux  coopyaceHHe  MoateT  pa3py- 
UIHTbCfl. 

5e3onacHue  ({wAbTpauHOHHhie  Ae<f>opMauHH— (jwAbTpauHOH- 
Hbie  AecJjopMauHH,  KOTOpwe  c  TeneHHeM  BpeMenw  npexpamajoTCH 
h  He  rp03HT  neaocTH  coopyweHHH,  ciOAa  othochtch,  HanpHMep, 
HaGvnoAaeMbie  b  na<ia/ibHufl  nepHOA  3KcnayatauHH  3eMA«nbix  co- 
opyiKeHHfl  He3HamiTeAbHbift  bhhoc  hah  oTAOixeHHe  mcakhx  nuae- 
BaTbix  nacTHii  rpyHTa. 

Cy 4>4>0  3h h  —  H3MeHeHHe  rpaHyAoiaeTpHnecKoro  cocTaBa  n 
CTpyKTypu  rpyHTa,  BcaeACTBiie  nepeMemeiiHa  (pH.ibTpanHOHHUM 
noTOKOM  BHyTpH  rpyHTa  ero  otacabhux  nacTHu  hah  hx  buhocb, 
HAH  paCTBopeHHH  COAepWaiUHXCH  B  rpyHTe  BOAOpaCTBOpHMblX 
COAeft,  HAH  HX  BbIMbIBa,  B  pe3yAbT3Te  Hero  B03M0JKH0  HapyiiieHHe 
lipoHHOCTH  rpyHTa. 

MexaHHiecKaa  cy 4> o 3 h h  —  otpub  hah  nepeMemeHiie 
^HyTpH  rpyHTa  hah  buhoc  oTAeAbHbix  nacTHu  H3  ero  toauih, 

BCAeACTBHe  B03AeflCTBHH  (J)HAbTpaUHOHHOrO  nOTOKH. 

BHyTpeHHHH  MexaHKHecxan  cy4x|>03HH  —  nepcMeineiiHe 
(JlHAbTpaUHOHHUM  nOTOKOM  BHyTpH  rpyilTB  MCAKHX  ei  0  48CTHU. 
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B  h  e  iii  h  si  a  uexaHHqecKau  cy<J><po3HH  —  buhoc  (pii.ibTpauHOH- 
hum  noTOKOM  OTAejibHux  q acre  li  is  rpyirra,  Jiexamux  Ha  noaepx- 
hocth  rpyHTOBoro  waccHBa. 

O  n  a  c  h  a  a  uexaHHqecKax  cy(|xp03Hfl  —  otpub,  nepeueuieHHe 
H  BUHOC  (pHJIbTpaUHOHHblll  HOTOKOM  VOKHI  HBCTHK  H  qaCTHU 

CKejiera  rpyaTa  b  tskom  KoswiecrM,  npu  koto  post  Hapymaerca 
ero  npoiHocrb. 

Kojibuaraa  - OTAOxeHHe  b  nopax  rpyirra  ueJiKMX  qac-rmi, 
Hecouux  (JjHJIbTpaUHOHHblll  nOTOKOM  ( BHyrpeHHHft  KOAbHaiAX) 
hah  hx  OTjioxceHHe  Ha  noBepxHocTH  rpyHTOBoro  uaccHsa  (noaepx- 
hocthuA  KOJibiiaraw). 

KOHTaKTHUA  pa3KUB  — pa3HUB  MeJ!K03epHHCT0r0  KXH 
CBH3Horo  (rjiHHHCroro)  rpyHTa  Ha  KOBTarre  c  KpynHoaepHHCTUM 
rpyHTOu  (hah  (pHabTpox)  hoa  AeAcrsHeu  npoAOAbnoA  ipwibTpa- 
KHH. 

Bunop  (4>HjibTpauHOHHuA)  —  OTpuB  h  nepeueuieHHe  neico- 
roporo,  ofrbeiia  rpyHTa,  npoHCxoAHmae  noA  AeAcrBHeu  cyiiuap- 
HOA  CHAU  rHApaBJIHHeCKOrO  B03AeflCTBHH. 

4>HjibTpauHOHHas  npoiHocTb  rpyHTa —cnoco6HOCTb 
rpyHTa  conpoTHBJian>cB  bo3hh khobchh io  onacHux  (pHAbTpa uhoh- 
hux  AeipopuaunA  ero  CKeaeta  (cyi|N|K>3HH,  KOHTairraoiiv  pa3MUBy, 
oTCJiaHBaHHio  cBH3Horo  rpyHTa,  ^HAbTpaaHOHHOuy  Bbinopy). 

CxeaeT  rpyHTa  —  coBOKynHocrb  ero  qacnm,  bochphhh- 
Manuuix  h  nepeAaniuHx  AeAcTBue  BHeiuHtix  chji,  o6ecneqHBa»- 
iuhx  npoqHOcrb  h  Hecyniyu  cnoco6HOCTb  rpyHTa. 

3anoxHHTejib  rpyHTa  —  qacmou,  pacno.iaraumHeca 
b  nopax  CKejiera  rpyHTa. 

Cy<t><t)03HOHHu  A  rpyHT  — rpyHT,  b  koto  pox  sioxeT  npo- 
HCXOAHTb  H  pa3BHB8TbCH  MeXaHHqeCKaH  Cy(jHp03HSI  npH  CKOpOCTHX 
(pHJibTpauHH,  npeBumanuiHX  KpmiqecKHe. 

Hecy(p(})03HOHHU A  rpyHT  — rpyHT,  b  Koropou  xexaHH- 
qecKan  cy<}xpo3Hfl  HeB03M0xHa. 

KoHTanTHax  otixacn  r py h to b  —  ofoiacrb,  Biuiioqan- 
uian  rpaHHuy  AByx  cuexHux,  paaaHqnux  no  CBoesiy  rpanyxo- 
MerpHqecKouy  cocrasy  a  rpyHTOB,  onpeA^menaa  rAy&HHoA  bo3- 
MOXHoro  npoHHKHOBeHHH  hbcthu  oahoto  rpyHTa  B  ApyroA. 

PaccjiaH  b a h  h e  rpyHTa  — OTAeaeRHe  Kpynnux  qa<mm 
ot  mcakhx,  npoHcxoAHiaee  npH  TpaHcnoprnpoBice  h  orcunxe 
rpyHia. 

OTCAansaHHe  rpyHTa  — orpue  ot  toaiuh  arperaroB  qa- 
cthii  CBH3HOro  (rjiHHHCToro)  rpyrna  b  30He  KOHTaKTa  (b  nopax) 
KpynH03epHHCToro  rpyHTa  hah  rpyHTa  oCparHoro  (pH.ibTpa. 

A  P  e  H  a  x  —  ycrpoAcrBO,  npeAnasHanenHoe  aah  nepexBara  h 
nOHHXeHHH  ypOBHH  HAH  AaBAeHHH  rpyHTOBUX  BOA,  a  raxxe  AAH 
opraHH30BBHHoro  OTBOAa  npo<t>HAbTpoBaBuieAcfl  b  Apenax  boah. 

06paTHuA  (J) h a b t p  —  caoh  necqaHo-rpasHAHo-raAeqHHKO- 
bux  h  uieCeHoqnux  rpyHTOB  hah  hcki'cctbchhux  MarepHa.io*. 


npeaoxpaHfliomHe  HecKa.ibHbie  rpvHTbi  coopyvKeHHii  ot  Mexanii- 
MecKofl  cycj)(})03HH  (a  b  otAenbHbix  cAynanx  Taxwe  ot  (JvH.ibTpa- 
UHOHHoro  Bbinopa). 

riepexoAHaa  30Ha  —  nepexoAHbift  c-ioft  (cjioh)  rpy htobo* 
ro  MaTepwa.ia  MewAy  HApoM  (rpyHTOBbiM  axpaHOM )  h  npn3viaMM 
n.iOTHHbi,  oSecne^hBaiomHft  4>»AbTpaunoHHyio  nponHOCTb  aa pa 
(aKpana),  a  TaK»ce  HenpocunaeMocTb  caMoro  MaTepwa^a  nepexoA- 
HOft  30Hbi  b  nopu  MatepHa^a  npvmi  iiaothhu. 

Bo  ao  y  no  p  —  npaKTHMecKH  BOAOHenpoHnuaeMbifl  caoA  rpyH- 
Ta,  noACTH.iaiomHft  BOAonpoHituaeMoe  ocnoBaHHe  naoTHHu. 


BVKBEHHblE  0603HAMEHH9 


rf.v-.dlT-- 


yr —  o6i>eMHb)ft  sec  cyxoro  rpyHTa; 

A  —  yaeabHbifi  Bee  uarepHa.ia  nacTim  rpyHTa; 
rf  —  AHaMerp  mscthu  rpyHTa; 

-rf.i0  —  -iHaMerpu  qaenm  rpyHTa.  MeHbiue  Koropux  b  ero  coctaBe  co- 
aepiKHTCsi  10.  . .  17. . .  60%  no  Becy; 

A.  —  anaMerp  (cy4>ip03HOHHUx)  HacTHu  rpyHTa,  Koropbie  MoryT  6uTb 
BbIHeceHbl  (pH.lbTpaiXHOHHUM  nOTOKO.VO 


<4 


2 —  —  K03<{><j)!mneHT  p.13H03epHHCT0CTH 


rpyrna; 


n  —  nopHcrocib  rpyHTa  (b  ao.mx  eaHHimu); 
e  —  K03({)<t)l(UHeHT  nOpHCTOCTH; 
k  —  K03(j><jmuifeHT  4>nabTpauHH  rpyHTa; 

Dti,  rf0  —  cpe.iHHfi  pa3Mep  (aiiaMerp)  (pH.ibTpanHOHHoro  xoaa  (nopu) 
b  Kpynno3epHHCTOM  h  M6aK03epHHCT0M  rpyHTax; 

D”aKC.  d*‘KC  —  jiHaweTp  MaKCHMa.ibHoro  (jjHabrpauHOHHoro  xoaa  (nopu)  b  Kpyn- 
HO3ep«HcT0M  vi  Me.iKOxepHHCTOM  rpyHTax; 

W  —  BJiavKHOCTb  rpyHTa,  %; 

W-,  —  rpaHHua  TeKynecTH  rpyHTa; 

—  rpannua  pacicaTbiBaHHH  rpyiiTa: 

Wn  —  HHcao  njiacTHMHocTH  rpyHTa: 
u  —  K03(J)(}jiiiiHeHT  BOAOHacbtiueHHH  (B.iavKHOCTH)  rpyHTa; 

'Ib  —  yje.ibHuii  Bee  Boau; 

■<  —  KOB^^HUHCHT  KHHe.MaTHMeCKO[i  BH3KOCTH  boau; 
g  —  yCKopeHne  chtiu  tjukccth; 

A-p-  vKp  —  KpiiTimechHe  K03(Jx|>HuneiiT  Hanopa  h  ckodoctb  <j)HAbTpauHH, 
npn  Koropux  HacTynaeT  MexaHHKecKasi  cv<}>q>o3HH; 

Aon-  X'40n  —  aonycTHMbie  rpaavieHT  Hanopa  h  cxopocTb  (jvH.vbTpauHH  (paB- 
Hue  KpiiTimecKHM,  aeaenHUM  na  K03<fx|)HUHeHT  3anaca); 

8  —  yroa  Mewcay  nanpaB.ieHiiHMH  ckopocth  (jm.ibTpanHn  h  chjiu 
THwecTii; 

».  —  K03$<j)HmieHT  HepaBHOMepiiocrn  pacK-iaaKH  'i.icthu  b  rpyuTe, 

HAH  K03$(|)HUHeHT  AOKaAbHOCTH  CycjKpOSIIH; 

He  —  HHcao  PeHHoabaca; 

Z  —  Hanop  Ha  naoTHiie  (pa3HOCTb  oTMeTOK  ropH30HTOB  boju  sepx- 
iiero  h  HH/Kiiero  fibecJvoB;  npn  otcvtctbhh  imvKHero  6be4>a  £=ftB); 
*»•  K  —  ray6HHw  boau  cooTBeTCTBeHHo  b  BepxHew  h  imauieM  6be4»ax; 
T  —  3aray6aeHHe  noBepxHocTii  Boaovnopa  noa  noBepxHocTbio  ocho- 
B3HHB  n.iOTHHbi; 


Ai-  h,  —  3aray6aeHne  noaepxHocrn  Boaovnopa  cooTBeTCTBeHHo  noa  ro- 
PH30HT0M  Boau  b  BepxiieM  h  HHa<HeM  Gbecfiax; 

/-yp  —  ropH3°HTaabHoe  paecTOBHHe  Me* ay  ypeiaMH  Boau  BepxHero 
h  HHVKHero  6be(|)OB; 


—  loauuiita  Ma.ioBoaonpOHimaeMOH  nperpaau  (5,  —  sKpaira. 
<<„  —  Hjpa.  '-n  —  nonypa  . . .); 

JK  —  AeHCTByiomHH  rpaAiieHT  Hanopa  (nbe30MeTpimecKHH  vk.kjh). 
KOHTpoaHpyioiuHfi  icasya.ibHyio  (jjH.ibTpauHOHHyio  npo'mocib 
paccMarpHBaeMoro  coopyweKHa; 

(4),~jionycTHiias  bc.i  HHHna  JK. 

HpyrHC-  oyKBeHHbie  o6o3HaHeansi  iiohchsiotch  b  TehCTe. 


Pa3AeJi  II.  PACHET  KA3yAJIbHOft  <J>HJlbTPAU,HOHHOft 
nPOMHOCTH  rPyHTA  3EMJIHHHX  rHAPOTEXHMMECKHX 
COOPy>KEHHa  no  METO^y  KOHTPOJIHPyiOmEro 
TPA^HEHTA  HAnOPA* 

2.1.  OBtUME  n0J10>KEHMfl 

PacqeTbi  Ka3ya.ibHoft  (CAViafiHOfi)  npomiOCTii  rpyHTa  co- 
opy>KeHHH  h  ero  ocHOBaHna  aoawhu  cboahtbch  k  oupeae.ieHHio 
MaKCHMajibHo  AonycTHMott  aahhu  nyTH  4>ii.ibTpaaiin  h  scmahhom 
COOpyJh-eHHH,  npOTHBOnO- 
CTaB.ueMofl  Hanopy,  Aeft- 
CTByiomeMy  Ha  coopy«<eHiie, 
t.  e.  k  onpeAeaeHHio  Taxoft 
AJiHHbi  nyTH  cjmabTpauHH,  ripn 
KOTopofl  HCKAionaeTca  bo3.mo>k- 

HOCTb  paCKpblTHH  XOAOB  COCpe-  , 

JlOTOMeHHOft  (tnuibTpamiH.  pHC.  x.  Cxe«a  mui'hou  n.ioTif«M 

ri3  OCHOB3HHH  pSCMGT3  K3-  /— Te.io  nJioriiHu;  2-ornoBaHiie  r.iothhu.  >- 
aya^bHOfi  d)H.flbTpaUHOHHOfi  APeHa*;  /l-S-yc.iOBHaa  -TUH n«  T0ha.0Mf.7SK.. 

J  ^  r  mas  o6.7«ctji  d>M.tbipau)i»  te.ij  11  och-.suhhs 

npOHHOCTH  TpyHTS  yCTaH3B.TH*  n^oniHu;  /  —  aAHHa,  onpe le.iniomai  ve:u,no.so- 

BaioTca  r.TaBHeftame  pa3Mepw  *eH"i; 

HanopHoro  3eM,iHHoro  coopyweHiia,  KaK  to:  AiHHa  /,  unpeAc- 
Jiaiomaa  MecTonoao/KeHiie  .ipenawa  hh30boto  ha  h  h  a  3eM.iaHon 
nvioTHHbi  (pnc.  1);  TO.iiunna  aApa  hah  sxpaHa,  a  Tax  >xe  noHyp.i, 
A-iHHa  noHvpa  nepeA  3eMAanoft  nAOTHHofl  n  t.  n. 

2.2  OCHOBbt  PACMETA  KA3VAAbHOH  <J>HAbTPAU.HOHHOrt 
nPOMHOCTM.  AOnyCKAEMblE  KOHTPOJMPyiOlUHE  rPAAHEHTbl 

HAnOPA  (JJz 

CorAacHo  mctoav  aoHTpoAiipyiomero  rpaaiieHTa  Hano?i  cmh- 
Taerca,  aro  KasyaabHan  npoanocTb  He  6>AeT  HapymeHa  ripn 
yCAOBHH  [2]: 

Ac  r  (A)j’  (O 

rae  JK  —  HexOTopbiK  cpcAHHil  rpaaneHT  Hanopa  aan  Bceii  paccMaTpuaaeMoii 
o6aacTH  $HJibTpaUHH  Haw  ee  Mac™.  KompojmpyiouiHii  Ka3ya.lbiivio  npmHOCTb 

‘AaHHbie  pacaeTw  BbinoaHenu  no  MeToay.  npeaaoaceiiHOMy  P.  P.  Hvt  aeBtaM. 
ii3.no*eHHOMy  b  ero  nay mhwx  Tpyaax  |2.  3,  4J. 


juwioro  XM.iaHoro  coopyaceHH*;  {jk)j  —  ionycnaewoe  anaieaiie  KOHTpcuiipvu- 
mero  rpaxHerra  aanopa. 

nPH  pacieTe  xa3yajibHoA  (|>iubTpauHOHHoA  npoquocni  no  4>op* 
ny.ie  (1)  CJiejyer  paccuaTpHBaTb.0TAe.ibH0  Teao  oaothhu  h  ee 
ocHOBaHHe  (puc.  1),  pacnojioaceHHoe  HHxce  ycaoBHoA  ropioon- 
Ta.ibHOfl  .ihhhh  A—f>,  pacqjieHHiomeA  o6jiacrn  4>tuibTpamtH  Ha 
abc  ynoMHHyTue  sdiue  qacrn. 

J,onycK2esibie  KOHTpo.iHpyiom.He  rpaxHeHTu  Hanopa  (/.),  c.ie- 
ayeT  npHHHuaTb:  x**  ocHOBaHHH  3eu.iHH0A  naoTHHH  cor.iacHO 
Ta6.i.  1,  o-i »  Teaa  aeujiHHoA  iuiothhu— coraacno  Ta&t.  2. 


Ta6juua  f 


Aoaycaaenwe  oMaoiKTpiwcw  yiuoui  (A)*,  KOHrpojHpymaue 
uayaabayw  (cavaainyio)  ■ponnocru  rpvara  oommhh  uotihu 
(vnepKiew  CHhII  ll-M.  12-67> 


rpVKI  OCHOUMN 

|  ICfacc  coopyxem 

■O  OnTLlMOCTH 

i  . 

II 

III 

IV-V 

flaonua  mhu . 

0.70 

030 

0,90 

1.10 

Kpynnkii  nccoK,  rpaBHH . 

0.35 

0.40 

0.45 

0.54 

Cyr-inoK . 

0.32 

0.35 

040 

0.50 

flecoK  cpejutj  KpvmiocTH  .  .  . 

022 

025 

028 

0.35 

MencHii  necoK . 

0.18 

020 

022 

0.25 

TaCjtuna  2 

Aoaycueauc  nuMMipnccne  yuom  (A)*  «OHTpoj*pyioniie 
■uyukiyn  ipouocn  tcm  munol  uomu  ■  aeunux 
iporuo^utTpuHoaiHx  nn»  uimo  Muinii  utna 

(.TTBepauena  CHnfl  ll-M.  4-73) 


rniTM,  c.Tinaw  tut  uomu 

I  Knee  CMpratn  mo  uunui 

Men 

•  I 

1  «• 

III  . 

IV-V 

linofeiui  ii  tjhhj . 

1.65 

13 

1.95 

Cyranos . 

1.05 

0.15 

025 

1,35 

fleco*  cpeme*  rpvmKxrm  .... 

0.70 

030 

090 

1.00 

Cvnecb . 

035 

035 

075 

035 

Pleco*  mcjkmA . 

0,45 

035 

035 

075 

Ha*  rpyHTOBUx  sKpaHon,  noep  H3  r.iHHo6eTOHa,  r.iHiiu  k 
cyr.iHHKa  cor.iacHo  CHnri  II-H.4-73  .FIjiothhu  H3  rpyHTOBux  11a- 
TepHa.K  B.  Hopuu  •'oeKTHpoBaHHn*  MHc-ieHHwe  3HaqeHHH  JK  cxe- 

ayeT  npHHHHaTb: 

a)  xih  3eu.iHHUx  HacunHux  n.iorHH  /,=  4  —  10; 

6)  a.ih  KaMeKHo-3eu.iHHUx  Js  =  2  —  6; 

b)  a.ih  nonypa  Jw  oo.ihcho  6un>  He  6oaee  10—12. 

PacneTH  Ka3yaabHoA  4>H.ibTpauHOHHoA  npoqnocTH  rpyHra  aeM- 

ahhhx  n.ioTHH  no  (Jiopuv.ie  (1)  hocht  nposepoqHuA  xapairrep. 


,  ---  ■ 


l*&9a 


Tipw  9tom,  HMea  npeABapiueAbHo  Ha.\ie<ieHHbifl  (hah  cymecTByio- 
lUHfl)  npc«})HJib  njioTMHu,  ycTaHaB^HBaew  a^h  ee  Te.ia  h  ochobs- 
hhh  3uaqeHHH  JK  h  (7,,),  h  3aTeM  npoBepaeM  AaHHbift  npo(|>HAb 
B  COOTBeTCTBHH  C  {pOPMyAOft  (I). 

BejiHMHHV  Jt  HaAJiewHT  ^onpeAe^HTb  HcnoAb3yn  cAeAyiomHe 
cnoco6bi  [2j: 

1)  cnoco6  OTAe^eHHH  TeAa  iuiothhu  ot  ero  ocHOBaHHH  ropH- 
30HTaAbHofl  AHHneft  TOKa;  npn  3tom,  k3k  omieqaAoeb,  cAeAyeT 
OTACAbHO  BblMHCAHTb  Ju  AAH  TeAa  nAOTHHbl  II  AA3  ee  OCHOBaHHH; 

2)  cnoco6  .npHMOft  AenpeccHH":  stot  cnoco6  b  ochobhom  CAe- 
jiyeT  npHMeHHTb  aah  onpeAeAeHHH  JK,  OTHOCumerocn  k  TeAy 
nAOTHHbl: 

3)  BHpTyaAbHbie  cnoco6u  h  cnocofi  yAAHHeHHoft  KOHTypnoA 
JIHHHH;  KaK  npaBHAO,  3THM  Cn0C060M  CAeAyCT  n0Ab30BaTbCH  npa 
onpeAejieHHH  JK,  othochuihxch  k  ocHOBaHHio  iiaothhu. 

B  KaqecTBe  pacieTHbix  ropH30HTOB  boau  b  6be<J)ax  cAeAyeT 
npHHHMaTb:  b  BepxHeM  6be<£e  Hny  (HopMaAbHuft  noAnepTbitt 
ypoBeHb)  m  b  HHucHeM  6betj)e  caMuft  hh3khh  ypoBeHb  boau. 

n  pMMeiaHHe.  ripH  cyxOM  HHiKHCM  6be4>e  r0pH30HT  BOAU  HHMCHerO 
4be^>a  cjieAV^T  cmrraTb  cosnaaaioiiiHM  c  noBepxHoctbio  AHa. 


•43  onPEAEAEHHE  JK  JlJlfl  TEJIA  nAOTHHbl 

1°.  Odnopodnoe  meAO  nAomimu.  PaccMaTpHBan  OAnopoAHoe 
TeAO  IlAOTHHbl  (pHC.  2),  OTAeAHCM  ero  OT  OCHOBaHHH  ropH30HT8Ab* 
hoA  AHHneft  TOKa  A—B.  Hoc- 

Ae  3Toro,  He  HHTepecyacb  a)  A<ht  i _  „ 

4>HAbTpauHeft  BOAbl  B  OCHO-  HM  ' _ 


- 

1 0,4hf  I  B 

m 


B3HHH,  HCnOAb3yeM  CAeAyiO-  '  J 

uiHe  cnoco6bi  onpeACAeHHH  he\  y/ 

JK  AAH  TeAa  nAOTHHbl.  - 

a)  B  CAyaae  Apenawa  hh-  - — - =1 // 

30B0r0  KAHH3  nAOTHHbl  B  BH-  r 

jie  xaueHHoro  6aHKeTa  {pnc.  .  iQAhg  n 

2,  a)  hah  b  BHAe  Tpy6qaToro  6  m  7  4.-— — 4 

.ApeHaxca  (Phc.  2,6).  -  -  -it  t  - 

B  3Tom  CAynae  npe*Ae 

Bcero  npOBOAHM  BepTHKBAb  _ Q^^io-'^>Arbr7r-0 

I— I  Ha  paCCTOHHHH,  paBHOM  "u_ _ 

t),4A,  ot  ype3a  BepxHero  h 

6be4>a,  h  BepTHKaAb  II— ll  Phc.  2.  PacietHue  cxeMU  imothh 

qepea  caMyio  KpaflHioio  AeByio  a -SrSKSS?? « *£££ 

Tonny  B  ApeBawa  (p«c.  2,  a, 6). 

AaAee  (|)HKCHpyeTCH  Toqxa  M  nepeceqeHHH  BepTHxaAH  I— I 
c  ropH30HTOM  boau  BepxHero  Cbecpa  h  roqxa  N  nepeceqeHHa 
BepTHxaAH  II— II  c  AHHHefi  O—O,  npoBeAeHHoft  Ha  ypoBHe  ro- 
pH30HTa  boau  HHKHero  Cbecpa.  riocAe  stoto  npoBOAHM  ,npnuyio 


-- — i - 1 


C  Iz’hi 


Phc.  2.  Paciemue  cxeMU  naoTHH 
iRoeasui  MMJiiiuf  luormn  c  MtKNinnf 


.aenpeccHH*  MN,  KOHTpampyiomyK)  Ka3yaAbHyio  nponHocn. 
rpyHTa  rejia  iiaothhu. 

Be^HtHna  J„  b  48hhom  CAynae  6yAer  paBHa 

h  =  •*«  =  -Q  =  4  +  o,4A,’  (2> 

rae  a  —  yroa  HanJOHa  jihhhh  AW  k  ropH30HTy;  Lt  —  pacqerna*  BWpHHa  nao- 
thhu;  A,  —  rayCHxa  b>^u  b  Bepxaeii  6be$e;  L  -  ropMsoHraahHoe  paccrosHHe 
iieauy  ype3on  sojur  Bepxnero  6bed>a  a  aeaofl  KpaitaeS  toikoH  ApeHaaca 
(CM.  pHC.  2). 

6)  B  CAynae  HacAOHHoro- 

!o,4hm  i  a  .  ApeHawa  hah  b  cAynae  ot- 

m  uy «]'  'J51  Ti  ’  cyTCTBHH  ApeHaxa  (pnc.  3)- 

h  ~b  m  3Aeci>,  b  OTAH^He  ot  npeA«- 

",  Aymero  cAyqaa,  BepTHKaAb- 

rfis/s.-r  ir~~  II— I!  npoBOAHTca  Ha  pac- 

if — ■■  ■  t*-  ~*i  ctohhhh  0,4 hH  ot  ype3a  boau 

HHWHero  6be4>a. 

Phc.  3.  naotHHa  c  HacaoHHMM  ApeaaweM  B  qHHa  j  BHHHCAHeT- 

7  —  KOHTpOANpy  lOlQH  A  rptAHCHT  B  CAyRAC  HftCJIOfl-  * 

noro  ipeHt*t;  7K'— b  cjyiae  oTcytCTBH*  hicjiohho-  Cfl  110  (|)OpMyjl6 


c  .1: 


J*  ip  iyp  +  0,4A,+0,4Am’  ^  ^ 

rue  iyp  —  paccTOHHHe  no  ropmOHTaaH  iieatay  ypesaMH  Bepxnero  h  HHKHero 
6be4>oB;  AH-— rayCHHa  HH*Hero  fibe$a. 

ripn  A„  =  0  .npHMaa  AenpeccHH*  noAyiaeT  bha  npHMofl  MN' 
(pnc.  3). 

B  3tom  CAynae  BeAHHHHa  KOHTpoAHpyiomero  rpaAHeHxa  oyAer 
paBHa 

V  =  jp,  «> 

L9 

rae  ip'  —  paccTOHHHe  no  ropaaoHTaaH  ueacay  TOiicaMH  Mh  N". 

b)  B  CAynae,  KorAaApeHaw  pacnoAOweH  oTHOCHTeAbHO  6ah3ko, 
k  BepxneMy  6betJ>y;  boab  b  hhwhcm  6be(|)e  oTcyTCTByeT  (pnc.  4). 

B  3TOM  CAynae  aah  onpe-  t 

AeAeHHH  BCAHIHHbi  J%  nOCTy- 
naioT  CAeAyioutHM  o6pa30M:  H3  If 

tohkh  A  AeftcTBHTeAbHoro  y  pe-  j  \ 

3a  boau  b  BepxHeM  6be4>e  CAe-  T  we  ~j^Ti  ~ 

AyeT  npoBecTH  ABa  Ayna  A  %  q.aV^s  * 

H  A—Et.  Jlyi  A—  Et  COCT8BAH- 

eT  C  BepTHKaAbio  yroA  45°;  Ay 4  Pnc.  4.  rtaoTHHa  c  BHyipemmH  Ape- 

A— Et  c  AHHHeft  OTKOca  cocraB-  Hameii 

^H€T  yrOA  90°.  r^.;  f,:  E-«cti  p*cnoiox.  Kii«  apextxl. 

1)  Ecah  TOHKa  E  HanaAa  ApeHawa  aokht  npaBee  tohkh  £„ 

TorAa  JM  CAeAyet  onpeAeAHTb  no  (f>opMyAe  (2). 


Phc.  4.  fljiOTHHa  c  BHyTpeHHHM  Ape- 
HABCeM 

r£,;  E— Mecra  pacnoJOx.  rtn  ipcKtM*. 


»’  ■i4:- 


PI*’-  1 


I 


2)  B  caynae,  xorAa  Tomca  E  Banana  ApeHawa  acjkht  uewAy 
TOHKaMH  Ei  h  £„  BejiHBHHy  7»  caeAyeT  onpeaeAHTb  no  cpopuyae: 


(5) 


rae  / — paccTO»HMe  ot  touch  A  xefiCTBHTejuHoro  ype3a  boah  ao  touch  E 
Haiaaa  apcHaaca. 


3)  B  cayqae,  ecaH  Toqica  E  Haqaaa  ApeHawa  aokht  aeaee 
ToqKH  £,,  BeaHHHHy  7*  caeAyeT  onpeAeaflTb  no  4>opuyae: 


Ju 


(6) 


rae  l0  —  aaHHa  nepeneHAHKyjispa,  onymeHHoro  Ha  HataabHoA  touch  E  apeHaaca 
Ha  anHH»  BepxoBoro  oncoca. 


2°.  Teso  nAomufibi  c  HdpoM 
uau  BK.pa.HOM.  B  9tom  cayqae 
caeAyeT  onpeAeaflTb  ABa  3Ha- 
MCHHH  7.1  a)  AAB  BApa  (7«),  HAH 
9KpaHa  (7J,  h  6)  a ah  ocraabHOft 
qacm  Teaa  naoTHHbi  (y«)T. 

B  pe3yabtaTe  cooTBetCTByio- 
iuhx  4)HAbTpauH0HHbix  pacqeroB 
[2,  raaBa  III;  5]  onpeAeaaeTca 
BeaHMHHa  nepenaAa  cbo6oaho& 
noBepxHocTH  4>HabTpauH0HHoro 
nOToxa  na  BApe  hah  axpaHe— Z' 
(p«c.  5). 

riocae  aToro  3HaqeHHe  ( 7,), 
hah  (JK\  onpeAeafleTCH  no  <pop- 
MyaaM! 


PhC.  5.  n.lOTHHa  C  HapOM  H  SKpaHOU 
Z'  —  ncpenaj  cbo6oihoA  nosepxHocTM  (Jm.ibTp*- 
UHOHHoro  noTOKt;  H  toaiuhhu  sap*  H 
•*piH8  (OCpeiHCHHUe  ). 


H 


(7) 


rae  h  — ToamMHbi  nap*  h  »KpaM  (ocpexHeHHbie). 

noayqeHHbie  BeaHHHHU  7,  othochtch  roabKo  k  HHxiHeft  hbcth 
HApa  hah  sKpaHa,  t.  e.*K  qacra,  pacnoaoweHHoft ’ HH*e  tohkh  a, 
yKa3aHHofl  Ha  p»c.  5;  Bbiine  yrofl  tohkh  3HaqenHfl  7,  6yayr 
uen  bine. 

npH  OTCyTCTBHH  BOAU  B  HHXCHeU  6be6e  nAOTHHbl,  B  3TOM 

cayqae  BeaHHHHu  (7,),  h  (7,)t  c  3anac0M  OyAyT  paBHbi: 


(8) 


BeaHMHHy  (7*)t  npH  ycrpofiCTBe  BApa  hah  axpaHa,  caeAyeT 
ycTaHaBAHBaTb  xax  yxa3aH0  Bn.  1°,  npoBOAB  Ha  pwc.  5  (nyHK- 
T«p  MN)  npBuyio  aenpeccHH  MN  qepe3  Tonxy  a  h  BuSupaA 
TOHKy  N  Tax,  kbk  yxa3aH0  hb  pwc.  2—4  (b  38bhchmocth  ot  THna 
HMeiomerocB  Apenaxca). 


U 


2.4.  OnPEAEJIEHHE  Jk  AJ1H  OCHOBAHHH  UJlOTHHbl 

OOHopodnoe  ocnoeanue  nAomunu;  nAomuna  6e3  sy 6a. 
Aah  noAyneHHH  BeAHnaHbi  J„  ochobahhh  n.ioTHHbi  cjieAyeT 

BbinojiHHTb  cooTBeTCTByiomHe  nocTpoeHHH,  Hcno^b3ya  cnoco6 

yAAHHCHHOft  KOHTypHOft  AHHHH 

OMT l  -l  o'mt  [2, 41.  Hah  BTOft  ueAH  nocrynaeM 

*>7/(7''~Mvr  ~  *  "  T~*  CAeAywmHM  o6pa30M  (pac.  6). 

~  ~^sj~  -r_i  06°3Ha<laeM  ^  HfiKpaftKMeTOI- 

•}s  |  S*'  KH  nOAOUiBbl  IIAOTHHU.  ChOCHM 

«— - 11  •^V??Ti:  3TH  TOHKH  nO  BepTHKBAH  COOT- 

A  ®  B>  BCTCTBeHHO  Ha  rOpHSOHT  BOA« 

"o  BepxHero  h  HHWHero  6be<boB, 

-  ' — — - * — — -  npvmeM  noAynaeM  tohkh  A,  h 

Ot  ToaeK  A,  h  Bx  cootbctct- 
Phc.  6.  rUoTHHa  6e3  3y6a  Ha  oaho-  bchho  BAeBO  h  BnpaBO  OTKAa- 

POAHOM  OCHOB3HHH  AUBSCM  nO  rOpH30HT3AH  OTpe3- 

^  paci “ 3arjl>'®J,eHl(e  pic«THoro  aoioynop*  KH  jyiHHOft  0,447'p,„  H  IIOAy- 

n«30«TPH,ecK»  M  A  CoeAHHH- 

hha  ajih  noiomou  n.ioTHHbi  AB  (ab—J).  *  *  A  72 

evt  3TH  TOMKH  npflMOft  A,B2. 

riocAe  3Toro  HaMenaeM  iicKOMyio  ribe30MeTpHnecKyio  ahhhio 
AAH  IIOAOUlBbl  AB  nAOTHHbl  B  BHAe  AOMaHOft  AHHHH  AlabBl. 

rioAy HeHHas  ahhhh  ab  AaeT  HCKOMoe  3HaneHHe  bcahimhu  A 
aah  CAvnaa  nacAOHnoro  ApeHawa,  Kotopoe  paBHo 


r^e  L  —  uiiipHiia  Te.ia  n.iOTHHu  no  HH3y;  7*paCq  — 3aray6aeHHe  pacMeTHoro  boao- 
ynopa,  He.iH'niHa  kotopoto  MOtteT  6uTb  npHHma  paBHoii  0,5 L,  T.e.  (pHC.  6): 

rpKH  =  0,5t,  (9') 

eCAH  /^aeAcTB  <  0,5/.,  TO  ^pacM  ~  ^acftcTB- 

B  CAynae  Apenawa,  OTAHHHoro  ot  HacAOHHoro,  3a  BeAHiHHy 
L  b  4>opMyAe  (9)  CAeAyeT  npuHHMaTb  AAHHy  ahhhh  AB,  noxa- 
3aHHoft  Ha  pnc.  2,  a,  6  h  Ha  one.  3. 

2 Odnopodnoe  ocHoeanue;  nAomma  c  bu.chh.um  3y60M. 
B  3tom  CAynae  (pHC.  7),  TaKwe  Kan  h  b  npeAbuymeM  (n.  1°), 
HCnOAb3yeTCH  cnocofi  yAAHHCHHOft  KOHTypHOft  AHHHH.  npH  BTOM 
TOAbKO,  CTpOH  pa3BepHVTblft  B  r0pH30HTaAbHy K>  npHMyio  M'N' 
yAAHHeHHblfl  nOA3eMHblft  KOHTyp  IlAOTHHbl,  tlOMHMO  AAHHbl  ropn- 
30HT3AbHbIX  ynaCTKOB  KOHTypa  If,  y HHTblBaeTCH  eme  H  AAHHa 
BepTHKaAbHbix  ynacTxoB  noA3eMiioro  KOHTypa  TeAa  nAOTHHbi. 

Lh  =  2S  (10) 

ripn  HaAHHHH  noHvpa  pa3Mep  L ,  y BeA hh h BaeTCH  Ha  BeAHMHHy, 
paBHyio  AAHHe  nonypa  —  L„. 


M  VC'S 


7:  }p » 


C  y MeTOM  yKa3aHHux  Ao6aB.ieHHA  Ju  onpeAe.mercH  no  4>op- 
Myae  (9),  rae  suecTO  I  noACTaB.miOTCH  3HaqeHH«  Lv  =  L^-r  I. 
HJ1H  Ip  =  I2-)-Ia,  T.  e. 

Z 

K  -  7^+0887^7'  <n> 

Ksk  CAeayeT  113  npHBeaeHHoro  Bbiiue, '  aah  y.\ieHbuienH«  Be- 
AHMHHbJ  JK  B  ABHHOM  CAyMae  MO* HO  y Be.lH HHTb  r.iyGHHV  3v6a  S 
hah  caeaaTb,  Hanpn- 

/'  M  m  , 


Mep,  ABa  3y6a,  bu- 
nojinenHux  H3  msao- 
BoaonpoHHua  euoro  > 
rpyHTa. 

BeaH«iHHy  (7,), 

AJiH  caMoro  3>'6a  °-44Tk 
mojkho  onpeaeaHTb, 

HCno4b3ya  yKa3an- 
HUft  cnoco6,  onpe- 
aejiHB  Hanopu  Ha 
.neBoA  h  npaBofl  Bep- 
THKajibHbix  rpaHHx 
3y6a.  Pa3H0CTb  hb- 
nopoB  Ha  jiesoA  h  npasoA  rpanax  3y6a 


,n 


X'  — 

1 1  f  y' 

jf — |  ( 

"A, 

• 

T 

,-T  V 

Ll  OMTfcs  i  1 

'me* 

77 

-to 


ero 


pMC.  7.  n.lOTHHa  c  BHCft'tHM  3\*6oM  Ha  OlHOpOAHOM 
OCHOBaHHH 

La— pac*»«TMa#  ropn30HT*.ibnai  umhi;  5— r.iy6nna  3vfta; 
•—  mumma  3v6j. 

cicjvct  pa3Ae«iHTb  Ha 
AeAcTBHTejibnyio  uinpHuy  4„  t.  e.  no»iy mhm  (7k),  =  — — 


(Hwea  b  BHAy  nonepeMHyio  ropH30HT3A bny  10  4>HjibTpauHio  boa« 
Mepe3  3y6). 

3°.  OdnopodHoe  ocnoeanue;  nAomuna  c  xdpo.H  u  .uaAoaodo- 
npoHuifaeMUM  3y6ou.  doxodxmuM  do  aodoynopa  (pHC.  8). 

B  abhhom  c.iy«iae,  ajih 
onpeAeaeHHH  BC.iHiHHbi 
Jm  OCHOB3HHH,  C.lttiyeT 
rpyHT  3y6a  npnBecTii 
k  rpyHTy  ochob8hhh. 

Hah  3toA  uejni  hc- 
no.ib3yeTCH  nepBuA  bh- 
pTya.ibHuA  cnoco6,  Kor- 
Aa  boa3  4>HAbTpyeT  no- 
nepeic  ooeB  |2|. 

B  abhhom  oiyiae 

BHpTV3AbH8H  A-IHHa 

(To.nuHHa)  rpyHTa  3y6a, 
Huenmero  koa<}Nt>H uneHT  <}>HAbTpauHH  kv  npHBeAeHHaa  k  K09<t>* 
(JiHUHCHTy  (f>H.TbTpa  uhh  rpyHTa  oCHOBaHHH  kn,  MoaceT  6uTb  onpe* 
Aeiena  H3  ycAOBHa: 

I,*  =  *>7 7.  02) 

15 


PHC.  8.  rlxOTMHa  C  upon  H  MaXOBOJOnpOHH- 
meiiuM  syfioH,  aoaoaaauni  ao  aoaoynopa; 

OCHOMNHe  OlHOpOIHOe 
*,-«a»»»mw«in  pUkTptam  rpjnrr*  ocnauntu; 
tountin  tiUhipawm  rpvwri  stti. 


* 


TaKHM  o6pa30M,  pacaeTnaH  AAHHa  ochob3hhh  haothhu  6yAeT 
paBHa  (pnc.  8):  Lf  =  L0'  +  Lwv  -f-  0,887'P,CM. 

BeaHqHHa  JK  aah  ochob3hhh  m^iothhu  6yAeT  paBHa 


no  3THM  AaHHblty  paCHCTa  MO*HO  OnpeAeAHTb  BeJIHHHHy  (7,1)3 
aah  rpyHTa,  o6pa3^iowero  3y6  (n.  2°  b  KOHue). 

4°.  Odnopodnoe  ocnoeanue;  nAomuna  uMeetri  nonyp  (pnc.  9). 
B  btom  c/tynae  CAeAyeT  BOAonpoHHuaeMbift  nonyp  aahhoU  lm 
3aM6HHTb  adcoAioTHo  BOAOHenpoHHuaeMbiM  noHypoM  aahhoA  l„. 


Phc.  9.  n.iQTHHa  c  noHypoM  Ka  o^Hopoanou 

OCHOB3HHH 

/"-MKHa  noHypa.  /„°-l^"Ha  yKoponeHKOro  aKBiuiaatin- 
Horo  (BOflOwenpOHHuaeMoro)  noHypa;  h°  — noTepo  wanopa  Ha 
a^iHHe  acero  ocHooaHHJi  noHypa. 


Be^HHHua  onpeAejisieTca  no  rpatpKKy  pnc.  10.  Roa  bcah- 
HHHOfl  T„,  yKa3aHHuft  Ha  rpa<J)HKe,  CAeAyeT  noHHMaTb  Be^iHHHHy 
T'paci  =  0.5  (la  +  L0),  TAe  — AAHHa  AefiCTBHTeJibHoro  nonypa; 
L„—  UlHpHHa  IIAOTHHbl  no  HH3y:  3ACCB  HMeeTCH  B  BHAy  TAy6HHa 
aKTHBHOft  30Hbl  4>HAbTp8UHH. 

npHBeAeHHaa  TOAiiiHHa  3aAaHHoro  nonypa  onpeAeAneTCH  no 

3aBHCHM0CTH: 


rae  8„— TOJimHHa  iaaaHHoro  noHypa;  *„  h  kn  —  KOj^HuneHtu  <J>«abTpauHH 
COOTBCTCTBCHHO  OCHOB3HHII  H  noHypa. 

HaAee,  noAb3yncb  cnoco6o\i  yAAHHeHHOft  KOHTypHoft  ahhhh, 
ctpohm  nbe30MeTpHHecKy»  ahhhio  aah  noAouiBhi  AB  (pnc.  9). 
Hah  3Toro,  ot  tohkh  A  Ha  pscctohhhh  0,44rp,„  nposoAHM  Bep- 
THKaAb  l— I  ao  nepeceweHHH  c  ype30M  boau  BepxHero  6be<t>a  h 
Ha  paccTOHHHii  0,44  T9tv,  ot  tohkh  B  BepTHwaAb  //— //  ao  nepe- 
ceneHHH  c  ype30M  boaw  HHxcHero  6be<(>a.  noAyaeHHbie  Ha  nepe- 
teneHHHx  tohkh  M  h  N  cocahhh€M  .npsMOft  AenpeccHH*,  koto- 
paa  HBAHCTCH  nbC30MeTpHHeCKH.\(  yKAOHOM,  KOHTpOAHpylOUlHM 
KasyaAbHVio  nponHOCTb  rpviiTa  ochob8Hhh  JH. 


GneflOBatejibHo,  b  aihhom  ciynae  BeAHHHHa  JH  SyAeT  paBHa 


,  Ln  +  ln  -}-  0,88 /pacH 

vv 

PaccToaHHe  ot  ype3a  HFiy  a o  (pHKCHpoBaHHoft  tohkh  an  Ha 
BepTHtcayiH  ill— III,  npoxoAflmeft  b  npHMHKaHHH  noHypa  k  coo- 
pyjKenHio,  paBHoe  h0 ,  cocTaBAaeT  noTepio  Hanopa  na  aahhc  Bcero 
ocHoiiaHHH  noHypa. 


-P*so,o 


id 


Phc.  10.  r pa4>HK  P.  P.  HyraeBa  juia  onpeAeaeiiHa  /n°— ajihhh 
ykopoqeHHoro  sKBUBaaeHTHOro  (BOAOHenpoHHuaeuoro)  noHypa 

(n— jMMMi  AeftcTBWTejibHoro  BOAonpoHHatenoro  noMypa;  Tn— aeftCTBirreJi»- 
Hoe  3«r^ytfji«NHe  Boaoynopa  noi  noxoiUBOft  noHypa;  8np—  npMieieiniM  toj»- 
uiMHa  noMypa. 


3Haa  BeAHKHHy  h0,  H8XOAHM  MBKCHMaAbHbiA  KOHTpOAHpylOlUHA 

rpaAneHT  Hanopa  aah  rpyrna  nonypa: 

rue  6„’—  TOjrauma  AeflcTBHTeabHoro  nonypa. 

5°.  Heodnopodnoe  ocnoeanue.  B  c^ynae  HeoAHOpoAHoro  oc- 

HOBaHHH,  OfipaaOBSHHOrO  ropH30HT8AbHblM  HanAaCTOBaHHCM  OT* 
AeAbHbIX  rpyHTOB,  KOB^XpHUHeHTbl  (pHAbTpaQHH  KOTOpbIX  He  CHAbHO 


pa3HflTbCH,  AAfl  0116HKH  Ka3}’a.lbHOM  npOWHOCTH  OCHOBSHHft  pekO- 

MeH^yeTca  npHaep>KHBaTbca  c.ieAyiomero  nyTH  pacaeTa. 

Be.umHHy  kOHTpo.iHpyiomero  rpaAHeHTa  Hanopa  7«  ycAOBHO 
CAeAyeT  onpeAe.iflTb,  ka*  h  aah  oAHOpoAHoro  rpyHTa. 

OAHaKO,  Be.iHmiHy  {(/«)j1h«uhop.  rp«n  npw  stom  c.ieAyer 
CHH3HTb  J2) ,  npiiHHMaa: 

l(7«)  Jneoaiiop-  rpjm.i  =  1  [(A)iloJHopoJlH.  rpywrn  (17) 

rae  i  —  KoycfxJmtuieHT  CHHxeHiifl  (uenbiue  ejHHHUu),  BejiHiHHy  Koroporo  c.ie- 
jyeT  iipiiHHuaTb  b  mbiIchmocth  ot  cTeneHM  HeoAHOpojHOCTii  conpuraiomHxcjr 
MejiK03epHiicTux  ii  KpynHoaepHHCTUx  rpyHTOB  h  onacHocm  b03hhkhob€hiiii 
Cyi{>4)0>lR)HHUX  BB.ieHrffi. 

y HHThiBafi  BbiuieH3.io>KeHHoe,  AonycKaeMufl  KOHTpOAHpy lomHft 
rpaAnenT  Hanopa  [(A'llojKopow.  .p»ht.  e.ieAyeT  npHHHMaTb  no  TaGa.  1 
A-ih  Kanoo.iee  \ie.ik03epHncToro  cocTaBa  rpyHra,  c.iaraiomero< 
ocHOBanue  c  yseTOM  (3.3,  n.  4',  a,  6  ii  3.4). 

23.  <J>HAbTPAUHH  B  TEAE  nAOTHHhl  B  OBXOA  3V6A 
(HE  3APEPlllEHHOro  CBEPXy  HAPOM  HAH  3KPAHOM) 

Ec.lll  B  OCHOBaHIIH  n.lOTHHbl  HMeeTCH  CHAbHO  BOAOnpommae- 
Mufi  noAcmiaioiUHft  c.ioft,  to  noc.ieAHiirt,  Kan  npaBiuo,  nepece- 
KaeTca  3\oo.M.  BbinoAHeHHMM,  HanpHMep,  H3  rAHHHCToro  \iaTepiia.ia_ 


-7 


Puc.  11.  n.JOfima  c  iv6om.  He  aasepuieHHUM  csepxy  (upon 

11.1  H  iKpaHOM 

/— j>6.  nepeceK-aK>:uHf)  oojofipoHimiewut  noicrH  lawui.ift  c.ioA  rpvtut  ocho- 
5, -3ar.iy6.iemie  a  re.ie  n.ioriiHtj;  2-Kpit3<m  aenpecCNH. 

Onacancb  (JiHAbTpauHH  b  ooxoa  3y6a  CBepxy  (pnc.  11),  noiTH 
BcerAa  AaHHuft  3Vf>  na pamHBaiOT  jupow  hah  AwacpparMoft,  aoxo- 
Aflineft  ao  rpeGHfl  nAOTHHW  (pnc.  8,  n.  3’). 

B  HeKOTopux  CAyqaax  3y6,  nperpajKAaiomHfl  BOAonpoHHuae- 
Moe  ocHOBaHHe,  He  aoboahtcb  ao  rpe6H»  naoTHHbi,  a  ocTaBAHeTca 
Ha  HeKoropoM  ypoBHe  b  Te.ie  naoTHHbi  (pnc.  11). 

B  AaHHOM  c.iy«?ae  TpeGyeTca  oueHHTb  4>H.ibTpauHoHHyio  npon- 
HocTb  conpa/KeHHB  n  BeAH'iHH)’  (pa3\iep  S,)  3ar.iy6AeHH«  3y6a 
b  Te.io  n.ioTnHbi. 

Aah  peuieHHB  nocTaB.ieiiHbix  BonpocoB  nocTynaiOT  CAeAyiomHM 
q0pa3OM. 

FlpeneSperaa  noiepeit  Hanopa  b  c.ioe  ocHOBaHHR  (BcaeACTBHe 
Go.ibu:o(i  BOAonpoHMUae.MOCTn  3Toro  caoh),  npHHHMae.M,  mto 
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b  ofoacTH  A  MMeeica  Hanop,  cooTBeTCTBviomitft  Hanopy  BepxHero 
6be<})a,  a  b  oOAacTH  B  —  Hanop,  cooTBeicTByiomufl  Hanopy  hhhc- 
wero  6be<}>a. 

Aaflee,  npHMepHO  Ha  yppBHe  kphboh  AenpeccHH  (HaA  3y6ox) 
npOBOAHTCH  r0pH30HT3Ab  i~  /,  CHHT3H,  HTO  3Ta  r0pK30HTaAb 
npeACTaBAaer  co6ofl  hhjkhiojo  noBepxHocTb  Boo6pa«ae.woro  boao- 
ynopa,  HaxoAHiuerocn  Bume  3toA  ahhhh. 

3areM  nAOTHHy  cAeAyeT  noaepHyib  Ha  180-  rpe6HeM  bhh3 
(KaK  noKaaaHo  Ha  pHC.  11, 6).  TaKWM  o6pa30M  noAywaeTCH,  hto 
cxeMy  pHC.  11,  a  mu  33M€hhjih  aHaAorHHHOfl  pacneTHoft  cxeMOil, 
npHBeASHHofi  Ha  pnc.  11, 6. 

npeACTaBJieHHaa  pacneTHaa  cxeMa  ua  phc.  11,5  cooTseTCTByeT 
cxeMe  noA3eMHoro  KOHTypa  b  bhac  iHCToro  mnyHTa,  AoctaTOHno 
3ar^y6.ieHHoro  b  rpyHT. 

B  3tom  cAynae  MaKCHMaAbHuii  buxoahoh  rpaA«eHT  7#ux  Ha 
noBepxHocTb  A«a  hhhchcto  6be<})a  npeACTaBAaeT  co6oft  BeAMiHHy, 
xapaKTepH3yioiuyio  Becb  <})HAbTpauHOHHhift  noTOK  b  ue.ioM,  t.  e. 
ochobhvk)  o6aacTb  (pH^bTpauHH,  KOTopan  npeACTaBAneT  HHTepec 
(HCkvuoHaa  ocTpue  oinyHTa)  npn  paccMOTpeHHH  Ka3yaxbKoft 
^HJIbTpaUHOHHOft  npOHHOCTH  0CH0B8HHH. 

y<iHTU8afl  H3xo>KeHHoe  Bbiiue,  b  KanecTBe  KOHtpoAHpv  louiero 
yxAOHa  7,  aah  HHcroro  uinyHra  mojkho  npHHHTb  boahwhhv  y,H„ 
t.  e. 

j „  =  JmbU’  (18) 

Be^HHHHa  (a  cvieAOBate^bHo  h  7,)  onpeAe.iaeTcn  no  cxe- 
Ayiomefl  (popuyjie  |4J: 

A*=Aw-  0.318  ^  (19) 

Ecah  ButHC.ieHHuft  no  <$>opMyAe  (19)  J*K{Jk)»  aah  AaHHoro 
rpyHTa  Teaa  n.iOTHHbi,  to  bto  yKa3UBaeT,  hto  pa3«ep  3y6a  S, 
Ha3HaneH  npaBHAbHO. 

B  npOTHBHOM  CAynae  CAeAyeT  H3MCHHTb  BeAHHHHy  St,  KOTO- 
pan  MO>KeT  6uTb  onpeAeAeHa  H3  ypa bhchhh  (19).  B  btom  cAynae 
b  ypaBHeHHe  (19)  bmccto  7«  CAeAyeT  noACTaBHTb  3HaneHHe  (7,)* 
aah  AaHHoro  MaTepHaAa  nAOTHHU  h  peuiHTb  ero  othochtca bHO  Si. 

BeAHHHna  SJt  noKa3aHHan  Ha  pwc.  11,  a,  MoxceT  6uTb  onpe- 
Ae.ieHa  no  H3A0weHH0My  suuie  MeTOAy. 


Pa3ACA  ni.  PACHET  HOPMAJIbHOft  OHJIbTPAUHOHHOft 
nPOMHOCTH  rpyHT  A  TEJIA  rWIOTHHbl  H  rpyHTA 
OCHOBAHHH 

3.1.  OB111HE  (lOJIOMEHHfl 

4>HAbTpaUHOHH  O-C  y4>4>03H0HH0ft  npOHHOCTbK)  rpyHTa 
<HAH  30MAHHOrO  COOpyweHHfl)  H83UBBIOT  Cn0C06H0CTb  rpyHT* 
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COnpOTHBAHTbCH  B03HHKHOBeHH10  CpHAbTpaiWOHHblX  AC^OpMaUHfl. 

4>H^bTpaUHOHHO-Cy4)4)03HOHHaH  npOHHOCTb  rpyHTa,  KOTOpaff 
MOikeT  6biTb  HapyiueHa  b  p«Ae  H3BecTHbix  HanGoAee  cAa6bix: 
MecT  nonepeiHoro  npo<j>HA«  coopyweHHa  (iwiothhu)  Ha3bi- 
Baetca  MecTHofl  (pHAbTpaiiHOHHoft  nponHOCTbio. 

<t>HAbTpaUHOHHbIMH  Ae(J)Op  M  SUM  S  M  H  rpyHTa  Ha3blBa* 
iotch  raKHe  Ae4>op*auHH  ero  TBepAOft  (j>a3bi,  KOTopue  BbouBaioTCH, 
r^iaBHbiM  o6pa30M,KH^aMH  rHApaBAHHecKoro  B03AeftcTBHH  h  B03- 
HHK3K3T  B  pe3yAbT8Te  Cy<|)<J)03;!H,  KOAbMaTaHCa,  KOHTaKTHOrO  pa3- 
MbiBa,  Bbinopa  h  op. 

C^eAyeT  pa3AH*iaTb  6e3onacHbie  cjjHAbTpauHOHHbie  Ae<|)op- 
MauHH,  KOTopue  c  TeaeHHeM  bpsmchh  npeKpawaioTCH  h  ne  rpo- 
3HT  UeAOCTH  COOpyweHHH,  H  onacubie  (pHAbTpaUHOHHhie 
AecpopMauHH,  b  pe3yAbTaTe  KOTOpbix  coopyateHHe  MoateT  pa3py- 
UIHTbCH. 

Be3onacHbie  (pHAbTpauHOHHbie  AecjjopMamiH  (b  bhac  6e3onac- 
Hbix  cy(p(j)o3Hft  h  KOAbMaTawa)  b  GoAbiueft  hah  b  MeHbuieft  Mepe 
BcerAa  HaGAioAaioTCH  b  rpyHTOBOM  mbcchbc  b  HanaAbHuft  nepnoA 
ero  3KcnAyaTauHH. 

Ah8AH3  KapTHHbl  <|>HAbTpamiH  B  3eMAHHMX  H  KaMeHHO-3CMAH- 
HblX  IJAOTHHaX  H  HX  OCHOB3HHHX  (n.  3.2)  nOKa3blBaeT,  UTO  IIpl! 
H3AHMHH  IpHAbTpaUHH,  (JjHAbTpailHOHHblft  nOTOK  6yAeT  B3aHM0- 
AeflCTBOIjaTb  C  pa3AHHHblMH  3AeMeHT3MH  IIAOTHHbl  H  MOWCT  C03- 
AaBaTb,  npH  COOTBeTCTByiOmHX  rHApOAHHaMHieCKHX  yCAOBHHX, 
COOTBeTCTByiOlUHe  4>HAbTpaUH0HH0-CycJ)(})03H0HHbie  AecpopMauHH, 
yKa3aHHbie  b  n.  3.2. 

4>HAbTpaUH0HH0-Cyt|)4)03H0HHaH  npOlHOCTb  AIOGOTO  SAeMeHTa 
nAOTHHbi  (noHypa,  HApa,  KpeiiAeHHB,  ApeHaaca  h  np.)  3aBiicHT, 
rAaBHbiM  o6pa30M,  ot  BeAHHHHbi  AeftcrByiomHx  rpaAHeHTOB  Hanopa 
(pHC.  12)  H  OT  4)HAbTpaUHOHHO-Cy(j)tJ)03HOHHhIX  CBOfiCTB  (cy<J)<|)0- 
3HOHHOCTH,  CBH3HOCTH,  TpaHyAOMeTpimeCKOrO  COCTaBa  II  np.) 
MaTepHaAa  rpyHTa. 

CAeAOBaTeAbHO,  htoGu  He  nponcxoAHAO  HapymeHHn  (JjHAbTpa- 
UH0HH0-Cyc|K})03H0HH0ft  npOHHOCTH  H  y  CTO  ft  HH  BOOTH  AIOGOTO  3Ae* 
MeHTa  nAOTHHbi,  a  CAeAOBaTeAbHO  h  coopyweHHH  b  aeaoM,  aoajkho 
6biTb  BbinoAHeHo  CAeayioiuee  ocnoBHoe  ycAOBne: 

Aon-  (20) 

me  n  —  rpaaweHT  Hanopa  b  o6jiacTH  paccMaipHBaeMoro  s.neMenTa  naoTHHM 
hjim  b  ee  ocHOBaHHH  (pHc.  12);  Jim  jonvcTHMbiH  rpaflHeHT  Hanopa  ajih  aaHHoro 
KOHKpeTHOrO  CJiyiM. 

npH  3T0M  J ion  AOAWCH  GblTb  MeHbllie  JKp  C  yneTOM  K03(j)(}>H- 
uneHTa  3anaca  k3t0,  t.  e. 


(21) 


H3  npHBeAeHHoro  Bbiuie  CAeAyei-,  «rro  HapyuieHne  (pHAbTpa- 
ilH0HH0-CV(J)4)03H0HH0a  npOHHOCTH  MOJKeT  HMeTb  MeCTO  B  TOM 
CAynae,  ecAH  He  GyAyT  coGaioachu  ycAOBHB  (20)  h  (21). 
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PyKOBOACTByacb  npiinejeHiibiMH  uuiue  noAoa<eHHHMii  c.ieAyeT 
b  KaiKAOM  KOHKpeTHOM  c-aynae: 

a)  yCTaHaBJJHBaTb  OCHOBHbie  BltAbl  {|)HAbTpami0HH0-Cy(l)(|)03H- 
onHbix  Ae<})opMauHfl,  KOTopbie  MoryT  HMeib  MecTo  b  nponecce 
4>HAbTpaUHH  B  A3HHOM  COO {H’JKCHHH  II  eTO  K'OHCTpyK'THBHbIX  9,1  e- 
MeHTaX  B  ABHHblX  KOHKpeTHblX  yCAOBHHX; 


Pkc.  12.  Bo  3UO)KHbie  (ptt/ltiTpfVlHOHHO~Cy(ptpO:tMOHlU>lC 
fle^opMaiuiH  b  3eMJiniibix  n  KaMeHHo-3eMjismwx  n.ncmi- 
Hax  H  HX  OCHOBdHKHX 

a— oaHopoanaa  nAOTHiia  Ha  c.iohctom  ochob3hhh;  tf-KaMeHHO-ifM.ia* 
Haa  nJioTHHt  Ha  CKa-ii>HOM  ochobskhh;  7C  . —rpaa»ieHT  cy<t>4>03Hii 
■  Tc.ie  iuothhu,  b  rpyHtax  ocHoaaHHH;  .7^— rpaAweHT  xoHTaKTHoro 
pasMbiea  (Te.io  nAOTHHbi — ochobshhc;  Mewiy  caoamh  ochobshuh; 
ciraAa— rpyHT  ochobshha  iuiothhu  h  up.):  ^BUn—rPaj,,eHT  Bunopa 
rpynTa;  — rpa.iHeHT  Bxoaa  (pHALTpauHOHHoro  norona  b  ApeHaac; 
•^n  "'rPajHeMT  nyjfcCtiiHH  b  (Jm.ibTpoBoA  noAroTOBKe  (ot  Hanaia  h 
cnaAa  boahm);  fl-o6AacTb  MecTHoro  Bunopa  rpyHTa  b  c.iyMae  buxo- 
ia  KpHBofl  acnpeccHH  Ha  otkoc;  A  —  conpHAenite  coasHoro  h  HecB«3- 

Horo  rpyHTOB  (ocHoaaHHa;  7p^jC— pacMeTHUft  (MaKcitMa.ibtibift)  rpa- 
aiicht  BwcaMHBaHHS  h«  ypoBHe  BOAbi  HinKKero  6bO(pa;  a-yroA  Ha- 
KJTOHfi  HH30BOrO  OTKOCa  M Apt  H  rOpJ!30HT>\ 


6)  onpeAejiHTb  hx  KOAHHecTBeHHbie  (mic.ieHHbie)  3Ha*ieHHH , 
KOTOpbie  AOAJKHbl  HBAHTbCH  HCXOAHblMH  ABHHblMH  H  KpHTepHHMH 
npH  oueHKe  MaTepHa;ia  rpyHTa  h  npn  npoeKTHpoBaHtui  kohctpvk- 
uhB  h  pa3MepOB  npoTHBO(J)HAbTpauHOHHbix  ycxpoftCTB. 

B  o6meM  cayvae  aodkhu  peuiaTbcn  cjieAyiomue  ochobhuc 
Bonpocbi,  Kax-To: 

а)  onpeAeAeHHe  reoi|)H3HMecKHX  h  pacneTHbix  xapak'TepHcruK 
rpyHTOB  paccMaTp«Bae.Moro  3eMAHHoro  coopyweHim  n  ero  ocho- 
BaHiiH; 

б)  onpeAeAeHHe  c><})4>03hoiihocth  (Hecy<}x{)03HOHHocTn)  pac- 
CMaTpHBatMux  rpyHTOB; 


b)  onpeAe-ieuHe  xpHTHMecxHx  (mccthux)  rpaAHeHTOB  cyijxpo- 
3HH,  KOHTaKTHOrO  pa3MfalBa,  Bbinopa,  BblCa^HBaHHA  h  t.  n.; 

r)  onpeAe.ieHHe  pa3MepOB  buhochmux  ipH.ibTpau.HOH hum  no- 
TOKOM  Cy(p$03H0HHUX  MaCTHU  ( dcl )  rpyHTa  H  HX  KOAHHeCTBa, 
b  3a bhchmocth  ot  Be^niHHHu  AeflcTByioiuHX  rpaAHeHTOB  Hanopa; 

a)  ycTaHOB^iCHHe  AonycTHMUX  h  pacneTHbix  rpaAHeHTOB  Hano¬ 
pa  h  AonycTHMoro  snpoueHTa  BbiHOca  H3  paccMaTpHBaeMoro  rpyHTa 
MeAKHX  cy(p(p03H0ttHbix  qacTHtt,  ot  BbiHoca  xoTOpux  He  Hapy- 
UiaeTCH  npOHHOCTfc  II  yCTOftlKBOCTb  3.ieMeHT0B  COOpyaceHHH 
B  ne^OM. 

B  Tex  CAyqaax,  KorAa  (J)H./ibTpauHOHHO-cy4><}x)3HOHHaH  npon- 
HOCTb  COOpy >KeHHH  HAH  erO  OTAe^bHblX  KOHCTpy KTHBHblX  S^eMeH- 

tob  He  oSecneHHBaeTCH,  ao^hchu  6uTb  HaMeneHbi  h  ocymecTB^eHbi 
cooTBeTCTBy  K)tn.He  pauHOHaabHbie  h  HjxeHepHO- KOHCTpy  kthbhuc 
MeponpHHTHH  no  ynpoHHeHHK)  npoeKTHpyeMoro  hah  cymecTByio- 
mero  coopyixeHHH  hah  ero  oTAeAbHbix  a^eMeHTOB  c  Tevt,  mto6ij 
6biAa  oQecneneHa  ero  HaAe>KHOCTb  h  AOAroBeqHocTb,  nan  b  ne- 
pHOA  bboa3  b  SKcnAy aTaumo,  Tax  h  b  nponecce  ero  AaAbHefluieft 
AAHTeabKoH  pa60TU. 

3.2.  OCHOBHblE  BHAbl  4>HAbTPAU,H0HHblX  AE<K)PMAUHH 
B  3EMJIflHbIX  H  KAMEHH0-3EVU1HHWX  flAOTMHAX 

Ha  puc.  12  npeAcraBAenbi  nonepeiHbie  pa3pe3u  3eM.iHHoi1  i< 
XaMeHH0-3eM.lHH0fl  n.lOTHH,  H3  XOTOpbIX  C.ieAyeT,  HTO  B  3aBHCII- 
MOCTH  OT  KOHCTpS  KUHI1  nAOTHHbl  11  ee  SAeMeHTOB,  OT  COCTaita 
rpyHTa  Te.ia  n.ioTHHu,  a  Taxwe  ot  rpytrra  ochob3hhh  h  ero 
CTpoeHiiH,  ripii  B03AeiicTBiui  (pH.ibTpanHOHHoro  noToxa  Ha  coopy- 
>xeHHe,  MoryT  HMeTb  \iecTo  (npH  onpeAeaeHiiux  rHApoAHHaviHHe- 
CXHX  yCAOBHflx)  COOTBeTCTBytOlAHe  4>HAbTpamiOHHO-Cy4x})03HOHHUe 
Ae4>opMamiH  xax  b  caMOM  Te-ie  nAOTinibi  h  ee  ociiOBaHmi,  Tax  n 
b  0TAe.ibHux  xoHCTpy KTHBiibix  3.ieMeHTax. 

B  3e.M.1HHbl.\  riUpOTeXHHHeCXHX  COOpylKeHHHX  MOTVT  HMeTb 
MecTo  c.ieAyxnuHe  bhaw  (piiAhTpauHOHiibTx  AecpopMauHfl  rpyHTa. 

1)  Cy(p(p03HH  rpyHTa  Teaa  nAOTHHbl  h  rpyHTa  (rpyHTOB)  oc- 
H0B3HHH,  puc.  12,  d—JryQ  (CM.  n.  1 .2  —  Cy4xpn3HH). 

B  npouecce  c\4>4)03hh  (BHVTpeHHett)  mohcct  HMeTb  .viecTO  11 
Ko.ibMaTa>K  rpyHTa  Te.ia  ii.iothhu  h.ih  rpyHTa  ochob3hhh, 
xorAa  Me.ixtie  mbcthum,  ABii>xymiiecH  a  nopax  rpyHTa,  6yA\T  He 
npoHOCHTbcn  ,qepe3  To.iuiV  rpyHTa,  a  oT.iaraTbcn  b  xaxofi-An6o 
ofi.iacTH  rpvHToeoro  MacciiBa. 

Mo>KeT  listeTh  mccto  cy4xpo3na  Ha  xo.iTaxTax  xpynHosepHH- 
CTUX  II  MCMKOaepiIHCTUX  rpyHTOB  —  KOHTaXTIiaH  Cy4>({)03Hfl  (cm. 
puc.  12,(1,  Jr>. ...  Hax.iOHiiaH  CTpe.ixa). 

B  3Tom  c.iyqae  oOa  iipiiMbixaioimie  Apyr  x  Apyry  rpyiiTa 
MoryT  obiTi,  ii  ii  e  c  y  cp(p  o  3  it  o  ii  h  u  m  ii.  O.uKiKo,  npii  Ha.iiiMim 
onpe  Ae.ieHiibix  cooTiiouieniiii  rpany.ioMeTpH'iecxHX  cocTaBOB  ii 


rHApOAHHaMH'teCKHX  yMOBHfl,  KOHT3KT  MeWAy  HHMH  MOWeT  xa- 
paKTepH30BaTbCH  60Abll)HMH  (J)HAbTpaUHOHHblMH  AC(f)OpMaU,HHMH. 

yCTaHOBAeHHH  H3AHHHH  H  OnpeAeAeHHH  BeAHHHHbl  (JiHAbT- 
pauH0HH0-cy4)(})03H0HHbix  AecjiopMaiuifl: 

a)  CAeAyeT  ycTanoBHTb  ty<|)<|>03H0HH0CTb  rpyrnoB  re^a  h  oc- 
HOB3HHH  nAOTHHbl,  T.  e.  yCT3HOBHTb,  HBAHIOTCH  AH  AaHHfaie  rpyHTbl 
Cy(J)(J)03H0HHblMH  HAH  HeCy<})<})03H0HHbIMH  (CM.  3.3,  II.  2°); 

6)  eCAH  OKaweTCH,  HTO  rpyHTbl  HBAHIOTCH  Cy(|>4)03H0HHblMH, 

to  b  9tom  cAyaae  cAeAyeT  onpeAeAHTb  BeAHHHHy  kphthhcckhx 

rpaAHeHTOB  Cy4>4>03HH  7Kp  H  CpaBHHTb  HX  C  AeflCTBHTeAbHblMH  AAH 
AaHHoro  coopyjKeHHH  jc  yneTOM  (20),  (21)  h  3.3,  n.  3°),  t.  e. 
ycTaHOBHTb,  hbahiotch  ah  b  AaHHOM  CAynae  AAH  COOpyHieHHH 
KaK  Cy4>(j)03HH,  T3K  H  (J)HAbTpaU.HOHHbie  AC({)OpMaU.HH  OnaCHMMH 
hah  6e30nacHUMH; 

b)  peUJHTb  BOnpOC  O  HeofiXOAHMOCTH  BbinOAHeHHH,  COOTBeTCT- 
ByioiUHX  HHweHepHbix  MeponpHflTHft  no  o6ecneneHHio  (JiH.ibTpa- 
UHOHHOft  npOHHOCTH  COOpy  HteHHH. 

2)  KoHTaKTHbifl  p  a  3  m  bi  b  rpyHTa  rejia  haothhu  («Apa)  h 
rpyHTa  ochob3hhh,  pnc.  12,  a,  6—JK. 

B  rHApOTexHHiecKHX  coopyaieHHHX  h  hx  ochob3hhhx  Moryr 
BCTpenaTbCH  KOHTaKTbi  Meat  Ay  mcako36phhcti>im  h  KpynH03epHH- 
ctum  rpyHTaMH.  HanpHMep,  rpyHTa  TeAa  haothhu  c  rpyHTOM 
OCHOB3HHH,  MOKAy  CAOHMH  TpyHTOB  OCHOB3HHH  (pHC.  12,0—7,), 
rpyHTa  HApa  iiaothhu  c  rpyHTOM  nepBoro  caoh  (JjHAbTpa  nepe- 
XOAHOtt  30HbI  (pHC.  12,6—JU). 

CAeAyeT  pa3AH>iaTb  CAeAyiouiHe  bham  koht3 kthoto  pa3\tbiBa: 

a)  MeAK03epHHCTbift  rpyHT~KpynH03epHHCTbifl  rpyHT; 

6)  rAHHHCTbift  (cBH3Hbifl)  rpyHT— KpynH03epHHCTbift  rpyHT; 

b)  MeAK03epHHCTblft  HAH  rAHHHCTbift  (CBH3Hblft)  rpyHT  —  Tpe- 

lUHHOBaTaH  cnaAa  (pHC.  12,  a,  6,  cm.  o6AacTb  A  h  E). 

rioA  B03AeftcTBHeM  4>HAbTpau,HOHHoro  noToxa,  iiAymero 
b  KpynH03epHHCT0M  rpyHTe  hah  b  TpemHHopaToft  cxaAe  ocHOBa- 
hhh  (pnc.  12, 6),  npn  cooTBeTCTByiomHx  rHApoAHHaMHiecKHx  yc- 
aobhhx  h  KpynHocTH  a^pnoBbix  coct8bob,  MeAK03epHHCTbift  rpvHT 
MoateT  noABepraTbca  KOHTaKTHOMy  pa3MbiBy,  b  pe3yAbTaTe  koto* 
poro  B  K0HT3 KTHOft  30He  MOTyT  HMeTb  MeCTO  4>HAbTpaUHOHHbie 
Aet^opMauHH,  a  b  HeKOTopux  cAynanx  3Ha«niTeAbHbie,  onacHbie 
AAH  npOHHOCTH  H  yCTOftHHBOCTH  COOpyateHHH. 

B  AaHHOM  CAyiae  koht3kth pyiomwe  Mea«Ay  co6oft  rpyHTbl 
AOAacHbi  6biTb  npoBepeHbi  Ha  B03M0acH0CTb  kobth kthoto  ,pa3MbiBa 
c  yneTOM  ashhux  rHApoAHHaMHnecKHx  ycAOBHft  c  Te\i,  hto6h 
yCT8H0BHTb  B€AHHHHy  H  pa3MepbI  B03M0H<Hb(X  AeifcopMauHft, 
a  Taxace  HaMeTHTb  cooTBCTCTByiomHe  MeponpHHTHH  no  itx  npe- 
AynpeacAeHHio  (hah  ycTpaHeHHio),  ecAH  b  stom  HMeeTCH  Heo6xo- 
AHMocTb  (cm.  3.3,  n.  4°). 

3)  MecTHbifl  ijiHA biT pauHOHHbift  b u n o p  rpyHTa,  KorAa 
nOA  AeftCTBHeM  (})HAbTpauHOHHbIX  CHA  MOACeT  np0H30ftTH  OTpbIB 


h  nepeMemeHHe  HeKOTOporo  oSteMa  rpynra  (pnc.  12,  a  —  JBWI  hah 
B  TO*IK6  „a“), 

iXaHHUfi  BHA  CpHJIbTpa  UHOHHbIX  Ae4>OpMaUHft  MOXCeT  HMeTb 
Meero  b  npaKTHKe  THApOTexHHqecKoro  CTpoHTeAbCTBa  b  tom  CAy¬ 
qae,  Kor^a  nAOTHHa  pacnoAOweHa  Ha  OTHOCHTeAbHO  tohkom  CAoe 
rAHHHCToro  hah  MaAOBOAonpoHHuaeuoro  rpyHTa,  a  non  CAoex 
rAHHHCtoro  hah  MaAOBOAonpoHHuaeuoro  rpyHTa  3aaeraeT  necna- . 
Hblft  CAOft  C  OTHOCHTeAbHO  COAbUJeft  BOAOnpOHHUaeUOCTblO, 
puc.  12,  a:  CAOft  I-ArAHHHCTbiA,  <;aoA  II— necqaHbiA. 

B  CAyqae  oTcyTCTBHH  ApeHawa  Ha  hh30bom  kahhc  iiaothhu, 
hah  b  CAyqae,  xorAa  ApeHaw  HH30Boro  kahhs  haothhu  3axoAb- 
MaTHpoBaACfl  (hah  3acopHAC»  np«  ctsk3hhh  boau  no  OTKocy), 
*  KpHBaB  AenpeCCHH  MOlKeT  BbIKAHHHBaTbCH  Ha  HH30B0M  OTKOCe 
(pwc.  12,  a;  TOMxa  ,a*).  npH  otom  b  30He  noA  AeAcTBHeii 

4>HAbTpaUHOHHMX  CHA  MOJKeT  np0H30flTH  M  e  C  T  H  bl  A  (J)HAbTpa* 
UHOHHblA  Bbinop. 

B  nepBOM  cAyqae,  no  THApoTexHHqecKHM  ycAOBHflu  $HAbTpa- 
UHoHHoro  noTOxa  b  ochob3hhh  coopy)«eHHH  (c  yqeTOM  AeAcTByio- 
iuhx  rpaAHCHTOB  Hanopa)  cAeAyeT  ycTaHOBHTb  B03M0«H0CTb 

(HeB03MO)KHOCTb)  T3KHX  AC({)OpMaUHA  H  HaMCTHTb  COOTBeTCTByiO- 
mwe  MeponpHHTHH  no  hx  ycTpaneHHio,  ecAH  b  stom  ecTb  neo6- 

XOAHMOCTb. 

Bo  btopom  CAyqae  CAeAyeT  hah  yBeAiiqHTb  noAorocrb  oTKQca 
hah  noKpbiTb  noBepxHOCTb  oTKOca  BOAonpoHHuaeMoA  npurpy3KoA 
(cm.  n.  3). 

4)  ZtecpopMaitHH  rpyHTa  b  o6a8cth  Apenaxa,  npa 
b x o a e  (pHAbTpauHOHHoro  noTOxa  b  ApeHaw,  pHc.  12, a— 
Jn  (nyHKTHpoM  noKa38H  TpySqaTbift  ApeHaw). 

B  3tom  CAyqae,  npa  HeAOCTaTOwHux  pa3Mepax  npH3Mbi  Tpy6- 
qaToro  AP^Hawa  h  toaiuhhu  HacAOHHoro  ApeHawa,  a  Taxwe 
cocpeAOToqeHHHx  rpaAHeHTOB  bxoa3  <J)HAbTpa uhohhoto  noToxa 
b  ApeHaxc,  a  b  HexoTopux  CAyqanx  ot  HenpaBHAbHo  (hah  He 
coBceM  TiuaTeAbHo)  3anpoeKTHpoB3HHoro  (noAo6paHHoro)  nepBoro 
CAOH  (pHAbTpa,  B03M0/KCH  BblHOC  rpyHTa  TeAa  nAOTHHbl  H  rpyHTa 
OCHOB3HHH  b  npH3.viy  ApeHawa,  qro  mojkct  Bbi3BaTb  neAonycTH- 
Myio  npocaAxy  h  ero  3aHAeH«e  (xoAbMaTaw),  a  b  HexoTopux 
CAyqanx  buxoa  H3  crpon. 

B  AaHHOM  CAyqae  pa3Mep  npH3MH  (Tpy6qaToro)  ApeHawa, 
TOAiuHHa  caoh  (caocb)  HacAOHHoro  •  ApeHawa  H  rp3HyA0MeTp«qe- 
ckhA  cocTaB  nepBoro  caoh  (pHAbipa  aoamhu  6biTb  aanpoexTHpo- 
BaHbi  TaftHM  o6pa30M,  hto6u  HCKAtoqaAHCb  yKa3aHHbie  Ae<popMa- 
uhh  (cm.  n.  3.6). 

5)  Ae<t)opMauHH  rpyHTa  3eMAHHWx  otkocob  ot 
B03AeAcTBHH  boah  Ha  otkoc  (pwc.  12, a— llpH  HaxaTe 
h  cnaAC  boahm  Ha  otkoc  coopyweHHH,  HMeiomHft  xaMeHHoe  hah 
^ceAeaodeTOHHoe  noxpuTHe,  ycTpoeHHoe  Ha  <J>HAbTpoBoA  noAro- 
TOBKe,  B  CAOe  C|)HA bTpOBOA  nOACOTOBKH  I}03HHKaeT  nyAbcnpyiotuaH 
cpHAbTpauHH,  ot  acActbhh  kotopoA  MOHCCT  6biTb  HapytueHa  npoq- 
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HOCTb  4>HAbTpOBOfi  nOATOTOBKH,  a  CAeAOBaTeAbHO  H  yCTOAfHBOCTb 
caMoro  OTKOca. 

Bo  H36e«aHHe  HexceAaTeAbHux  nooieACTBHft,  aanpoeKTHpo- 
aaHHaa  (noAo6paHHaa)  (pH.ibTpoBaa  noAroTOBKa  AOAMHa  6brn» 
npoBepeHa  Ha  ycAOBHe  paGttru  npH  ny^bcwpyioiueft  cpHAbTpauHH, 
npHHHHaa  bo  BHHMaHHe  ee  rpaHyAOMeTpHnecKHA  cocTaB  rpyHTa 
m  3ajiox<6HHe  OTKOca  ABHHoro  coopyjKeHHH  (cm.  n.  3.7). 

6)  J3,e<})0pMauHH  rpyHTa  noHypa,  »KpaHa,  HApa. 
npH  npOeKTHpOBBHHH  npOTHBO(j>HJIbTpaUHOHHfalX  yCTpoflCTB  B  Ue- 
ahx  npeAOTBpameHHH  HapyuieHHH  tpHAbTpauKOHHoft  npoiHOCTH  h 
HeAonycTHMbix  Ae4>opuauHA  rpyHTa  noHypa,  3KpaHa,  HApa,  He- 
o6xoahmo  y HHTbiBaTb  caeAyiomHe: 

а)  TOAiUHHa  noHypa,  axpaua  h  HApa  AOAWHa  cootbctctbo B8Tb 
rHApOAHHaMHHeCKHM  yCJIOBHHM  H  Tpe60B8HHHM,  npeAT>HBAHeMbIM 
K  rpyHTy  IIpOTHBO<J>HAbTpaUHOHHblX  yCTpoflCTB; 

б)  rpyHT  OCHOB3HHH  noA  noHypoM  aoajkch  6biTb  TaKoro  rpa- 
HyjioMeTpHqecKoro  cocTaBa,  npH  kotopom  o6ecneaHBaaacb  6u 
-(pH  a  bTpa  uh  oh  h  a  a  npoaHocTb  nonypa,  a  aah  axpana  h  HApa  n.io- 

THHfal  C  HH30B0H  CTOpOHU  AOAJKCH  6blTb  nOA06paH  H  yAOJKeH  HAH 
KapbepHbifi  rpynT  hah  (pHAbTp,  rpaHyAOMerpHHecKHft  cocTaB  ko- 
TOpblX  AOAJKeH  OSeCneHHBaTb  (pHAbTpailHOHHyiO  npOHHOCTb  H 
yCTOflHHBOCTb  sKpana  H  HApa. 

yKa3aHHbie  Bbiuie  vcaobhh  aoakhu  yqHTUBaTbCH,  coraacHO 
n.  3.8. 

7)  ZlecpopMauHH  b  30H6  conpnxceHHH  h a p a  (a k pa- 
na)  n JioTHHu  c  ocHOBaHHeu.  B  3one  npHMUKaHHH  MaTe- 
pHa.ia  HApa  (axpaHa)  k  TpetUHHOBaToA  cxaAe  ochob8hhh,  6ctoh- 
Hofl  noAyuiKe  hah  6eTOHHOA  npo6Ke  (ycTpaHBaeMoft  b  pycAe  pexH) 
MoryT  HMeTb  mccto  Ae<popMauHH  rpyHTa  HApa  (anpaHa)  bcaca- 
CTBHe  HapymeHHH  ero  (pHAbTpaUHOHHOA  npOHHOCTH;  KOHTaKTHOft 
(pHAbTpaiiHH,  pa3MbiBa  rpyHTa  HApa  no  cymecTBynuiHM  TpemHHaM 
•CKaAbl  OCHOB3HHH  HAH  TpemHH3M,  06pa3yi0WHMCH  B  OCHOB3HHH 
b  nepnoA  3KcnAyaTauHH  coopyweHHH. 

KoHTaKTHafl  30Ha  conpHxceHHH  MaTepaaAa  HApa  c  ocHOBaHHeM, 
HBAH6TCH  CAa6blM  MeCTOM,  T8K  K8K  npH  npOH3BOACTB6  pa60T  no 
yKAaAKe  h  ynAOTHeHHio  rpyHTa,  oco6chho  b  y3KHX  KaHbOHax,  He 
ecerAa  AOCTHraeTCH  TpeOyeMan  nAOTHocn>,  KaqecTBeHHan  nAo- 
1U8AH8H  ueMeHTa u.hh  h  np.  rioBTOMy  conpHxceHHio  rpyHTa  H.ipa 
<3KpaHa)  nAOTHHbl  C  OCHOBaHHeM  AOAHCHO  yACAHTbCH  OC06oe  BHH¬ 
MaHHe,  a  HaMenaeMbie  npaKTHqecKHe  MeponpHH+HH  aoaxchu  6biTb 
SCpCpeKTHBHUMH  (cm.  n.  3-9). 

3w3.  MBTOAbl  PACKET  A  HO  OflPEAEJIEHHK)  ♦HAbTPAUHOHHWX 

af.<popmauhA  rpyHTOB 

4>HAbTpauHOHHbie  Ae()>opMauHH  rpyHTa,  conpoaowAarauiHecH 
napyuieHHeM  ero  TBepAoA  4>a3U,  BU3UBaiOTCft,  rAaBHWM  o<5pa3cm, 
CHA8MH  rHApBBAHHeCKOrO  B03A^ACTBHH,  .  KOTOpUe  H  npHBOAHT 
x  HapyuienHio  ero  nponHocTH* 
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OnpeaejieHHe  hx  KOAHiecTBeHHUx  (iHCAenHux)  3Haqe>iHA» 

KOTOpfaie  AOAXCHbl  HBAHTbCfl  HCXOAHUMH  ASHHUMH  M  KpHTepHDMW 

npM  oueHKe  MarepHaaa  rpyHTa  m  npn  HaaHaieuHM  pasxepoB  » 
KOHCTpyKTHBMUX  SJIdieHTOB  npOTHBO^HAbTpauHOHHUX  yCTpOfiCTB„ 
peKOMeHAyeTca  onpeAexaTb  no  xeTOAHxe,  hsaojkchhoA  HHxce. 

1°.  Onpedexemie  ochoshux  zeotfiuautecKux  u  pacnemnux 
xapaxmepucmuK  wynmoa.  J\nsi  onpeAexeHKR  (pHAbTpa  uhohho- 
cy4xp03H0HHbix  cbohctb  rpyHTOB  npoeKTHpyenoro  (hah  ocymecT- 
BAeHHoro)  coopyxfeHHH  h  ero  ochobahkh  aoajkhu  6uTb  H3BecrHbn 
hx  reo^HSHnecKHe  h  pacqeTHue 1  xapaKTepHCTHKH,  b  cocras  koto- 
pux  AOAHCHbl  BXOAHTb: 

—  rpaHyaoueTpHiecKaft  coctbb  rpyHTa,  c  yitaMHHev  pa3nepos  caejiyiotUHK 
pacieTHux  4>paKUHft:  dmm,  d3,  dta,  d„,  d^  dim,  mm; 

—  oO-MKHun  Bee  rpyHTa  7Cr,  t/cM 3; 

— yxejibHuA  Bee  qacTHti  rpyHTa  A,  tjCM1; 

—  nopHCTOCTb,  n; 

dm 

—  KO»4H)>HUHeHT  pa3H03epHHCT0CTH,  T)  = 

—  KO»4>4>HUHeHT  (pHafcTpaQHH  k,  cM’ceK. 

JlAH  CBH3HUX  rpyHTOB  (CyrAHHKOB  H  TAHH)  AOnOAHHTeAbHOr 

—  coaep*aHne  raHHHCTbix  lacTHu  d  <  0,005  mm,  %; 

—  BJiaBfHOCTb  (eCTeCTBeHHU),  IF; 

—  npeaea  TeKyiecTH,  WT; 

—  npeae.i  packaTbiBaHHH,  \Fp; 

—  Miicao  naacTHHHOCTH,  Wa. 

npHBeAeHHbie  Buiue  xa paKTe p hcth k h  rpyHTa  coopyxceHHH  haw 
ero  ocHOBaHHH  hbahiotch  pacqeTHUMH  napaMeTpaun  aah  KaxcAoro 
rpyHTa,  npH  onpeAeAenHH  ero  <|>HAbTpaunoHHO-cy<|)(}>o3HOHHi>ix 
CBOACTB  (cy<})4)03HH,  KpHTHHeCKHX  rpa AHeHTOB  CyCp<p03HH,  KOH- 
Ta KTHOro  pa3MbiBa  h  tip.),  aoaxchu  6u?b  o6o6maiomHMH  h  hsh- 
AyquiHM  o6pa30M  xapairrepH30BaTb  paccMaTpHBaeuuA  cocTaB 
rpyHTa. 

T.  Onpedexenue  cy<p<po3UOHHocmu  (HecytptposuoH  ho  emu ) 
zpyumoe  u  npou,enma  eumca  cyftposuOHHHX  Hacmun*.  ,H,ah 
pemeHHH  Bonpoca,  hbahctch  ah  A8hhwA  rpyHT  cy<})<t>03H0HHbiK 
HAH  HeCy<))4>03H0HHblM,  peKOMCHAyeTCH  CAeAyiOmHfl  MeTOA 

paeqera. 

a)  no  3aABHHUM  napaMeTpaM  (n.  3.3,  1°)  HCCAeAyeMoro  rpyH¬ 
Ta  onpeAeAneTCfl  AHaMeTp  MaxcHMaAbHbix  (pHAbTpauHOHHux  nop 
B  rpyHTe  no  cAeAywmeA  33bhchmocth  M.  n.  riaBHHqa  [6]: 

=  ».«5*  Vir=rrfd'-  (22) 

rxe  x  —  K09<t><t>KUHeHT  nepa bhomcphocth  pacxaaAKH  mcthu  b  rpyHTe  hah  kob$- 

iJmitHeHT  JtOKdJIbHOCTH  Cy<J>lJ>03HH: 

x  =  1  +  0,05*1,  (23) 


*  OueHKa  rpyHTa  no  reoMeTpHMecKHM  xpHTepHUM  (6es  yqeTa  rnApoAHHa- 
hhkh  (pHJibTpauHOHHoro  noTOKa,  KOTopyn  caeayeT  yiHTtmTb  b  kixcaom  kohk* 
peiHow  caynae  pa60Tu  coopyaceHM*), 
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dtc 

■>)= —  KO*44«ttHe«T  pl3H03CpUHCTOCTH  rpyHTa;  ft  —  IIOpHCTOCTb  (■  AOMX 

«ahhhuu);  du  —  jmaueTp  qacTHu,  xoTopux  coxepitcHTca  b  rpyHie  17%  h  m«hi>- 
aue  (no  secy). 

6)  MaKCHManbHufl  pa3M«p  qacTHu,  KOTopue  MoryT  6bm>  bu- 
Heceau  <t>HAbTpauHOHHHii  noroxou  H3  AaHHoro  rpyHTa  (npa  on- 
peAeaeHHux  rHApoAHHauHqecxHX  yoioBHax),  onpeAe/i«eTC«  cae- 
jiyiomeJt  38BHCHM0CTbK): 

=  0,77  (24) 

ECJIM  OKBHCeTCfl,  MTO  HaAA^HHUfi  no  38BHCHMOCTH  (24)  MSKCH* 
MaAbHuA  pa3iiep  cy4>4>03H0HHbix  qacTHu  d?*KC  ueHbuie  iiHHHxaAb- 
noro  pa3uepa  qacTHix  rpyHTa  dum,  t.  e. 

anuc  <  dmlH  (25) 

?o  tbkoA  rpyaT  cAeAyeT  cqHTaTb  Hecy4>4>03H0HHuu,  Tax xax 
M3  Taxor o  rpyHTa  ho  Moryr  BUHOCHTbCH  h  caxue  MeAxne  ero 
SaCTHUbi. 

Ecah  oxaweTca,  hto 

dj“c  >  H,  (26) 

to  TaxoA  rpyHT  caeAyeT  cqHTaTb  cy()>(|>a3HOHHUM.  H3  Taxoro 
rpyHTa  MoryT  6brrb  BUHeceHu  see  qacTHuu,  xpynHocrb  xoTopux 
ueHbuie  ham  paBHa  dJT*.  ccah  exopoerb  (bHAbTpa khh  (rpaAHeHT 
nanopa)  OyAeT  OoAbiue  KpHTHqecxoA  vup(J,r). 

b)  npaxTHxa  noxasuBaeT,  hto  ecAH  H3  rpyHTa  6yAyT  buhc- 
ceHbi  catiue  iieAKHe  HeaauieMAeHHue  ero  qacTHuu  b  KOAHqecTBe 
»e  6oAee  3— 5S  no  necy,  to  npoqHOCTb  rpyHTa  hc  Hapy  luhtch. 
CACAOsareAbHo,  ccah  dSS*  <  3K  (5H)  no  Becy,  to  tbxoA 

rpyHT  CAeayeT  cqHTaTb  npaxTHqecKH  Hecy4><|>o3HOHHbiu. 

r)  CBHSHue  (rAHHHCTue)  rpywru,  o6AaAax>iUHe  ucwiexyAap- 
hum  cuenACHHeM  aexAy  oTACAbHHMH  qacrHiiawH  h  hx  arpera- 
TBMH,  HMeXMUHe  qHCAO'  nAaCTHqHOCTH  IT. >5,  HBAfllOTCH  Hecy<t>- 
4>03H0HHMMR. 

a)  OnpeAeAeHHe  waxcHiiaAbHoro  B03MoxcHoro  npoueirra  (h) 
BbiHOca  cy<jM)K>3H0HHbix  qacTHu  H3  cy<Jx{>03HOHHoro  rpyHTa  no 
reoMeTpHqecxouy  xpHTepnio  (<5ea  yqeTa  rHApoAHHauHqecxHX 
ycAOBHft)  npoHSBOAHTCH  CAeAyiomHM  oGpasoti.  ' 

BuqHCAeHHUft  no  aaBHCHMOcTH  (24)  uaxcHuaAbHuA  pa3Mep 
cy4x)>o3HOHHUx  qacTHu  d%f*c  HaxoAHM  no  rpa4»Hxy  xpHBoft  rpa- 
HyAOMeTpHqecxoro  cocraBa  rpyHTa  hckomuA  uaxcHiraAbHbiA  npo- 
UeHT  BUHOCa  (Ha  OCH  OpAHHaT). 

e)  Ecah  ABa  Hecy4><p03H0HHux  rpyHTa  (n.  3.2,  1)— 
iieAxoaepHHcniA  h  xpynHOsepHHcniA — xoHTaxTHpyioTCH  ue*Ay 
co6oA  (pHc.  12,  a;  HaxAOHiAiH  crpeAxa),  to  b  tbxhx  CAyqa- 

XX  (pflAbTpaUHOHHUX  A«|>OpMaUHA  HaOAKJAaTbCH  He  6yAOT,  eCAH 
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sth  ABa  nptiMUKaiomHe  Apyr  k  Apyry  rpyHTa  no  rpaHyAOMerpH- 
MecKHM  cocraBaM  6yAyT  yAOBJietBopHTt  cjtejiyioiueuy  ycAOBHior 

% 

rjie  Dq  —  cpejtHHft  pa  3  we  p  AHaiierpa  (JwjibTpauHOHHux  nop  npynnoaepliHCToro* 
rpyrna 

D0  =  0.455  ^  r^-  D„;  .  (28). 

6yKBCHHbie  ofioaHaqeHH*  Te  we,  no  h  b  sjbkcbmocth  (22);  d3  —  paanep  sacTMu, 
coaepwaiuHxca  b  nejkoaepHHCTOM  rpyirre  3h  h  ueHbuie  no  Becy. 

Ecah  ycAOBne  (27)  He  yAOBAeTBopneTCH,  to  b  t8kom  CAyiafc 

M03KCT  HMeTb  MeCTO  KOHT8X  TH  8  H  Cy4>(p03HH. 

J\jlH  npeAOTBpameHHH  KOHTaKTHOfl  Cy<J>(|>03HH  — IpHAbTpauHOH- 
Hfaix  Ae<j)opMauHfl— npoeKTOM  aojdkhu  6uti>  npeAycMOTpeHU  co- 
OTBeTCTBy loiune  MeponpHHTHH  (HanpHMep,  yiciaAKa  Ha  KOHTaKTe 
nepexoAHoro  Caoh  rpyHTa),  o6ecneqHBaioiuHe  ee  (pHAbTpauHOHHyiO' 
npOHHOCTb. 

3°.  Onpedexenue  KpumwtecKux  zpaduenmos  u  CKopocmeh 
cy<p4>03uu.  B  cycJxposHOHHhix  necHaHO-rpaBHflHo-rajieqHHKOBUX 
(hah  me6eHOHHbix)  rpyHTax  CyAeT  pasBHBaTbcn  nexaHHweCKa« 
cy<J)(J)03HH  b  tom  CAyqae,  eCAH  rpaAHeHT  Hanopa  hah  cxopocTb 
4>HAbTpaUHH  B  HeM  CyAyT  tiOAbtue  KpHTHqeCKHX,  T.  e.  y>/,p 

•  HAH  V  >  VKp. 

B  t3khx  CAyqanx  hs  toaiuh  rpyHTa  (He3amHueHHoro  <|>HAbT- 
Pom)  MoryT  6biTb  BbiHeceHU,  npu  onpeAeAeHHux  rHApoAHHSMH- 
lecKHX  ycAOBHHX,  ece  ero  cy<txp03H0HHbie  qacTHuu  (ot 
h  MeHbme). 

OAHaKO  Ha  AO  HMeTb  B  BHAy,  <ITO  B  3eMAHHbIX  COOpVHteHHHX 
(nAOTHHax,  nepeMbWKax  h  np.),  BbinoAHeHHbix  H3  cy<Jx}x)3HOHHoro 
rpyHTa  h  Ha  ocHoeaHHH  H3  cy4xpo3HOHHbix  rpyHTOB,  MoryT  HMeTb 
MeCTO  TBKHe  rHApOAHHaMHqeCKHe  yCAOBHH  (JjKAbTpaUHOHHOrO 
nOTOKa,  npH  KOTOpbIX  H3  ABHHUX  Cy()x)>03H0HHbIX  rpyHTOB  He 
6yAyT  BbiHOCHTbCH  Aawe  caMbie  MeAKHe  ero  cy<txf>o3HOHHbie  na- 
CTHUfal,  nOTOMy  MTO  B  COOpyweHHH  H  ero  OCHOB8HHH  aah  hx  bh- 
Hoca  HeT  no  BeAHHHHe  rpaAHeHTOB  Hanopa  (o6iuhx  h  MecTHux)* 
60Abine  KpHTHieCKHX. 

B  TaKHx  CAynaflx  cAeAyeT  CHHTaTb,  hto  AaHHbie  rpyHTbi  no 
reOMeTpHqeCKOMy  KpHTepHIO  HBAHIOTCH  XOTH  H  CyjJxjKMHOHHMMH, 
OAHaKO  AAfl  ABHHbiX  KOHKpeTHbIX  THApOAHHaMHqeCKHX  yCAOBUfll 
OHH  HBAHIOTCH  npa  KTHHeCKH  Cy<p;fK)3HOHHOnpOHHbIMH,  B  KOTOpUX 
He  6yAyT  pa3BHB8TbCH  onacHue  cy(p4>03HOHHHe  npoueccu  h  eyep- 
4>03H0HHbie  AetpOpMaUHH. 

CAeAOBaTeAbHo,  aah  Toro,  hto6u  ycTSHOBHTb  creneHb  (pHAbT- 
pauH0HH0-cy4xp03H0HH0ft  npoMHOcTH  rpyHTa  (rpyHTa  coopyweHHH 
HAH  rpyHTa  OCHOBaHHH)  Heo6XOAHMO  3HaTb: 

a)  rHApoAHHaMHKy  (pHAbrpauHOHHoro  noTOxa,  KOTopuft  CyAer 
B03AeftcTB0BaTb  Ha  paccMBTpHBaeMbift  rpyHT; 
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6)  KpHTHHCCKHe  CKOpOCTH  HAH  rp8AH6HTbI  BbIHOCa,  BeAHMHHa 
KOTOpUX  33BHCHT,  TAaBHblU  0(>pa30U,  OT  pa3Mepa  (KpynHOCTH) 
BUHOCHMblX  Cy(p4>03H0HHUX  MaCTHU  dcl  (a  TaKHCe  OT  KOwJXpHUH- 
eHTa  (pHJibTpauHH  rpyHTa,  nppHCTOCTH,  ot  xapatcrepa  pacno.ioxce- 
hhh  cy<{xt>03HOHH!>ix  *iacTHusB  nopax  rpyHTa  h  np.). 

THApoAHHaMHKa  4>ha tTpauHOHHoro  noToxa  onpejejiaeTCH  hah 
4>HJibTpauMOHHbiMH  pacneTaMH  hah  ueroAOM  3I7FA,  a  onpeAeAe- 
HHe  KpHTHiecKHX  cKopocrefi  hah  KpHTHHCCKHx  rpaAueHTOB  Hanopa 
mu  aHaAH3HpyeMoro  cy<p<|)03HOHHoro  rpyHTa  npoH3BOAHTCH  no 
ipopuyjiau,  npHBeAOHHbiM  «H*e. 

KpHTHMecKHfl  rpaAHCHT  Hanopa  (Jup)  no  othoiuchhio  uexaHHMe- 
CKOfl  Cy(J)(j)03HH,  npH  KOTOpOMMOryT  BblHOCHTbCB  Cy4>4>03HOHHUe 
HacTHubi  dcl  H3  toaiuh  rpyHTa,  HaHHHas  ot  h  MeHbuie,  onpeAe- 
ahctch  no  cAeAyioineft  33Bhchmocth  A.  H-  flaTpaiueBa  (6): 


rxe 

To »  0,60  ~  1  j/,  sin  (30°  +  4):  (»> 


/*  =  0,82  -  1 ,8nr  +  0,0062  H  -  5);  (3) ) 


del  —  AHSMerp  cy4>4>o3HOHHbJi  nacTRu,  HaMHHan  ot  d"f*c  h  MeHbuie,  cat,  nr  — 
nopHCTocTb  rpyHTa  (b  aojihx  ejlHHittibi);  g  —  ycxopeHHfl  chjiu  Ta*ec™  (g  = 
=981  cMiceKiy,  yr  —  oObeMHbift  tec  (cxejiera)  rpyHTa,  tjCM*;  7,*!  i  cjifl  — 
06-beMHbitt  nee  boau;  v—  Koa^HQReHT  KHHeMaTHiecicoft  brskocth  bosh.  cM-'ceic; 
6  —  yroji  Heacay  HanpaMeHMaMM  ckopocth  $HjibTpaiiHM  h  chju  tsxcccth; 

V  =  2^-  —  K09<J>(J>HUHeHT  p83H03CpHHCT0CTH  rpyHTa;  kfy  —  KOS^IpHUHeHT  4>IUb- 
TpauHH  rpyHTa,  CMjceic. 


ECAH  K09<t>4)HUHeHT  <)>HAbTpaUHH  rpyHTa  H6H3BCCTCH,  TO 

b  T3KOM  CAy<rae  oh  HoxceT  6uTb  onpeAeAen  no  aKcnepHMeHTaAb- 

HOfl  38BHCHMOCTH  M.  FI.  riBBMHHa: 


^r__^L_rfna>  (32) 

rxe  Ti  —  KOS^HUNeHT,  yiHTUBaioiUHft  ipopMy  h  mepoxoBatocTb  tacTHu  rpyHTa; 
no  xiHHUH  T.  X.  npaaexHoro,  pexoMeHjyerca.  «,  =  1  jug  necaiHo-rpasHflHO- 
raaeiHHKOBwx  rpyirroa;  f,  =  0,35  —  0,40  ;u*  meOeHOHHux  rpyHTOB;  d„  —  xna- 
MCTp  <ucthu  rpyHTa,  HeHbme  KOTopux  b  ero  coctaee  coAepmnica  17%  no  se¬ 
cy.  CM. 

rioACTaBAHii  b  (popxyAy  (29)  pasHue  sHaieHHH  dti  h  Apyrwe 
napaiieTpu  aHaAHSHpyeuoro  rpyHTa,  npeACTaBAHercH  bo3mohchum 
onpeACAHTb  MAHHHHy  npaKTHqecKoro  rpaAKeHTa  buhocb  (J„ p) 
Aah  xaxcAoro  saAaHHoro  pa3uepa  cy<|xf)03HOHHbix  nacTHu  AHaweT- 
pOM  dcl  <  d?fn  ,  a  Taxwe  BCAHqHHy  npouenra  buhocb  othx  h«- 
cthu  (3.3.  n.  2°,  a),  mu  KOTopux  onpeAe.ieHo  sHaieHHe  J,t,  bto 
nosaoAaer  oneHHTb  cTenenb  cy<p4)03H0HH0CTH  h  (pHAbTpauHOHHyio 
nponocTb  AaHHoro  rpyHTa. 
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4to6u  He  B03HHK8A0  MeXaHHqeCKOfl  Cy<t>4)03HH  H  HapymeHHH 
npoqHoCTH  rpyHTa  aoaxcho  6uTb  coCaioacho  ycAOBHe  (20),  t.  e. 
AeftcTByioiuHft  rpaAHeHT  uanopa  b  rpyBTe  JA  aoaxcch  6«Tb  ueHb- 
uie  KpHTHqecKoro  rpaaneHTa  cy<Jx)>03HH  Jt p  juia  abhhoto  rpyHTa 

KpHTHqecKa*  ckopocTb  cy<|Hj)03HH.  Aah  onpeAeAeHHH 
KpHTHqeckoft  ckop4cth  cy<Jxt>03HH,  npH  KOTOpofl  HapymaeTCH  npe- 
AMb Hoe  paBHOBecrte  cy4K|>03H0HHbix  qacrwu  del  b  rpyHre,  cue- 
Ayer  noAb30BaTbca  <t>opuy/ioft  H.  riaTpaiueBa  [6]: 

v*p  —  ’hfici  (33) 

rae  OyKseHHue  ofioaHaieHtui  Te  ace,  no  h  b  (popuyae  (23). 

4°.  Onpedexeuue  Kpumuiecicux  zpaduenmoe  u  cxopocmeh 
KOH.ma.Km.HOZo  pa3Musa  Hecesunux  u  cbrshux  (zauhuciuhx) 
zpynmoB.  Kaic  yica3UBaAocb  b  (3.2,  n.  2)  b  THAPoTexHHqecKHx 
coopyaceHHHX  uoryT  BCTpenaTbCH  KOHTaKTu  uexcAy  ueAK03epHH- 
crbiM  h  KpynH03epHHCTbiu  rpyHTa mh  (pHC.  12, 6). 

Ha  pHC.  13  npeAcraBxeHfaf  bhau  kohtbktob,  xoropue  uoryr 
HMeTb  Mecto  b  THApoTexHHqecKHX  coopyaceHHHX  h  hx  ochomhhhx. 


Phc.  13.  KoHTaKTHuft  pasMUB  rpyHTa 
•  ~  *py  nnosepencniB  rpyifT-HtreoMpBitcTm  rpywT;  6-ipyimmp. 

HHCTtrt  rpyitr— mncnd  rpyar;  f-Tpemnaanm  ckuh  —  rjimn. 

CTU*  mh  HejKOMpmiCTua  rpynr;  l-yroj  Mu;  tunpoutminii 

CKOPOCTH  4>HJbTpauilH  H  CHAM  TtXeCTn;  D,— epOMHi  XKIMtrp  ({hi,,. 

TpuiHoHmiz  nop  rpyrmopepiiiKToro  rpynri;  rfj.j-MiMTp  (cy**o- 
3HOHHHX)  MiCTim  tfejWOMpnnCTOf'0  rpyiiTi,  KOTopu*  uoryr  hn 
suneccHu  4nM»p«aH0ifmiH  noromm  npn  mmanai  punw 
("P? 

KoHTaKTHpyiomHe  MexcAy  coOofl  rpyHTu  aoaxchh  CuTb  npo- 
eepeHU  Ha  ycvroBHe  BosuoxcHoro  pa3MUBa  MeAK03epRHCToro  (hah 
CBflSHOro)  rpyHTa  <{>HAbTpaUHOHHUM  nOTOKOM,  HAyiUHM  B  KpytlHO- 
^epHHCTOM  rpyHTe  HAH  TpeiUHHOB8TOft  CK8Ae  OCHOBaHHB  (*ot>*r). 

Aah  BToft  ueAH  cHanaxa  uepyer  onpeAeAHTb  kphthhcckhA 

rpaAHeHT  KOHTa kthoto  pasMUBa  Jf„  ueA KoaepHHCToro  (hah  cbhs- 
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ttoro)  rpyHTa,  BeAHiHHa  KOToporo  3aBHCKT,  rJiaBuuu  o6pa30M, 
OT  COOTHOUieHHfl  KpyilHOCTH  $paKLlHft  3epHOBbiX  COCTflBOB  KOH- 
TaKTHpyioiuHxca  rpymoB. 

3aTeu  no^yieHHoe  3HaieHHe  (BeAHiHHy)  Jm  CAeAyeT  cpaB- 
HHTb  C  KOHKpeTHfaiMH  rHApOMHaUHqeCKHUH  yCAOBHHMH  <J)HAbTpa- 
KHOHHoro  noTOKa  b  ahhhom  coopyxceHHH  hah  ero  saeueHTe 
{HanpHuep,  b  nepBOM  caoe  nepexoAHOft  3ohu  HApa  naoTHHu,  hah 
B  OCHOB3HHH  COOpyXteHHJl),  qT06bl  yCT8HOBHTb  HaAHHHe  hah  ot- 
CyTCTBHe  paSUUBa  KOHTaKTHOft  30HU  H  4>HAbTpaUHOHHblX  Ae(J)Op- 
uaunfl. 

OnpeAeAeHHe  bcahhhhu  7p„  aah  HecBH3Hux  h  cbh3hux  (tah- 
HHCTHX)  rpyHTOB,  B  38BHCHUOCTH  OT  KpyilHOCTH  HX  3epHOBUX 
COCT8BOB,  npHBOAHTCH  HHXCe. 

a)  OnpeAeaeHHe  k  p  h  t  h  q ec khx  rpaAHenroB  (cKopocrefl) 
KOHT8 KTHOrO  pa3MUBa  HeCBH3HUX  rpyHTOB. 

ECAH  MeHCAy  Co6oft  KOHTaKTHpyiOTCH  ABa  paSHOpOAHUX  He- 
CBH3HUX  rpyHTa  (hah  rpyHT  c  TpemHHOBa-roft  CKaaott),  k  p  h  t  h- 
qecKHfl  rpaAHeHT  paaifUBa  ueAK03epHHCToro  rpyHTa  k  pa3- 
nep  buhochmux  ero  qacTHu  AHaueTpou  ad>3%*  onpeAeAHei-CH 
no  9KcnepHHeHTaAbH0ft  aasHCHiiocTH  r.  X.  flpaBeAHoro: 

(2>3  + 15 Eb) sln  +  t}  l34) 

nfM<ieM  OTHomemie  <  0,7,  p«c.  13,  a;  npw  oTHomeHHH  >.  0,7  pa3Muaa 

h  buhoc*  4>paKUHfl  MeaKoaepHHCToro  rpyHTa  Sun  He  HoxeT;  del,  h  8— 060- 
3HaieHHB  Te  xe,  no  a  $opny«ax  (30)  ■  (32). 

« CpeAHHfl  AHaueTp  (JWAbTpauHOHHbix  nop  KpynH03epHHCToro 
rpyHTa  £)»  onpeAeAfle-rca  no  38bhchmocth  (28). 

npH  onpeAeaeHHH  KpHTHHeCKOro  rpaAHeHTa  pa3uuBa  ueAKO- 
aepHHCToro  rpyHTa  Ha  KOHTaKTe  c  TpemHHOBaToft  cKaAoft  (pnc.  13,  a), 
b  3tom  cayqae,  moxcho  n0Ab30BaTbcn  saBHCHMOCTbio  (34);  toabko 
Bwecro  O0  b  AaHHyio  3BBHCHM0CTb  (34)  caeAyeT  noAcraBHTb  3Ha- 
qeHHe  (npeo6AaAaiomero  pa3uepa)  uihphhu  TpeuiHH  b  CKaae  fr* 
h  0,35  -  0,40. 

<t>opMyAa  (34)  cnpaBeAAHBa  b  tom  cAyqae,  ecAH  hhcao  Peft- 
HOAbAca  Re,  oraeceHHoe  k  cpeAHewy  AKawerpy  <}>HAbTpauHOH- 
Horo  xoAa  b  KpynHoaepHHCTOM  rpyHTe  D0: 

Re  =  M^L<  20,  (35) 

rje  *<j>  —  K03(JxJ)HUHeHT  ^HJibTpauHH  KpyiiHoaepHHCToro  rpyHTa,  onpexeaxeTca 
no  3aaHCHM0CTH  (32),  hjh  *e« — KOJijxbHUHeHT  qiHJibTpauHH  CKaau;  D0  —  onpexe- 
aaerca  no  3bbhchmocth  (28);  v  — Koaf^mweHT  KKHeMaTHiecKoft  bhskocth  boaw. 

-  t 

*  npH  BMHoce  MeaxHX  HesamevaeHHUT  vacnni  dcl  <  3%  npoiHOCTb  rpyH¬ 
Ta  He  HapyinaeTca;  no»TOny  aeanaHHy  KpHTHaecKoro  rpaaneHTa  pa3Muaa  7.,, 
caexyet  onpexeaxTb  npa  auHoce  Hex  khx  9  paean  A,  paattop  Koropux  dcl  >  3%, 
t.  e.  det  >  di%. 


npKxetaHHe.  ripa  Re  >  20  $opM)'Jioi4  (34)  mowho  no.ib30Bari.CH  jimub 
jjjih  opHeHTHpoBOMHbix  pacieTOB  hjih  7p, 3  cxeayei  onpeaejmTb  onuTHUM  uyreM. 

KpHTHnecKaa  pa3MUBaiomaa  cKopocn  Vp,3  Ha 
KOHtaKTe:  MeAK03epHHCThift  rpyHT— KpynH03epH«cTbifl  rpyHT  (h.ih 
TpeiuHHOBaTaa  cna^a)  mo*ct  6utl  onpeae^eHa  no  33bhchmocth: 

t/pu  =  k<f,Jpt3,  (36) 

r*e  *4,  —  to  we,  «o  h  b  aaaftcHMOCTK  (35);  Jpt3  —  npHHHMaercn  no  3Sbhchmo> 
cth  (34), 

6)  OnpeAeJieHHe  kphthhcckhx  rpa^HeHTOB 
KOHT3KTHOrO  pa3UbIBa  CBH3HUX  (rAHHHCTUX  rpyHTOB) 

B  Tex  CAyiaHX,  xorAa  MoryT  BCTpenaTtCH  KOHTaKTu  MewAy 

CBH3HMMH  (rAHHHCTbIM)  rpyHTOM  H  KpyilH03epHHCTblM  UaTepHajIOM 
(pHC.  13,  6,8)  HJIH  C  TpeulHHOBaTOfl  CKaAOfl,  CBH3Hblfi  rpyHT  MO- 
*eT  noABepraTbCH  pasMUBy. 

3HaneHHe  xpHTHmecKoro  rpaAHeHTa  pa3MUBa  JK p  npn  koht3kt- 
HOfl  (pHJIbTpaUHH,  CBH3Hblfl  (rjlHHHCTblfl)  rpyHT  C  HHCJIOM  njiaCTHH- 
hocth  W„  >  5  KpynH03epHHCTbift  rpyHT  (hah  TpemHHOBaTan  cicajia), 
MoxceT  6uTb  onpeAejieHO  no  BKcnepHMeHTaAbHoft  3a  bhchmocth 
T.  X.  ripaseAHoro: 

,  „  o,75,  (37> 

P  V  D™ 

W  Dg“c—  a  cm — onpeaejiaeTC*  no  3«bkchmocth  (22)  jmb  KpyriHoaepHHCToro 
rpyHta,  npaiex  Z)J,IIC  <  1,8  cm  (npH  Z>",ltc  >  1,8  cm  6yacr  npoHcxoAHTb  ot- 
CMRBaHRe  cbbshoto  rpyHTa  b  nopax  KpynHosepHHCToro  uaTepna.ua  h  pa3Mbi» 
KOHT3KTa,  npM  7>0). 

/(aHHaa  3asHCHMOCTb  (37)  MoxceT  6uTb  HcnoAb30Baua  a  ah  on- 
peAeaeHHH  Jgp  Ha  KOHTaKTe:  cbh3huA  rpyHT— TpemHHOBaTaa  cxa- 
Aa  (pHC.  13,  a).  -B  3tom  cjiynae  bmccto  DS‘k  b  aaBHCHtiocTb  (37) 
cxeAyeT  noAcraBAflTb  uaKCHuajibHoe  3HaneHHe  uihphhu  TpeuiHH 
B  CM. 

3.4.  OOhm  yKasaHRa  k  paoeTau  $HJtbTpau.H0HH0-cy<t<t>03*iani«uK 
Ae$opnaiuiA  rpyHTOB  (ho  3A  n.  2*7  3°,  4°) 

Ha  ochobbhhh  BbinoAHeHHux  pacweTOB  (3.3,  n.  2°,  3°,  4°),  ajih 
HaraHAHOCTH,  peayAbTaTbi  pacneTOB  a  ah  KaxcAoro  npoauaAH3Hpo- 
BaHuoro  rpyHTa  woryT  6uTb  npeACTa&neHbi  b  bhac  n6ji.  3, 
KOTopoft  bhaho: 

TadMiufl  3 

rpyHT 


*ei* 

MM. 

J„Vr) 

%. 

BblHOCt 

npHMeaaNHe 

jttflRC  % 

•ft  .  •  •  • 

.... 

■rt  •  • 

>3% 

'■  v' 
'M-fr 


pa3MepfaI  AHSMeipOB  Cy<})<l>03H0HHbJX  HaCTHU  OT  d?“c  AO  rfci< 3%„ 
KpHTH<iecKHe  rpaAHenxu  BHHoca  (hah  pa3MUBa),  cooTBeTCTByio- 
mne  AaHHoft  KpynHOCTH  cy4x)>o3HOHHbix  qacTHu  h  npoueHT  buho- 
ca  hx. 

TaKHM  o6pa30M  npeACTa^aeTca  b03M0>khum  ycTaHOBHTb  npe- 
A&au  xecTHfaix  KpHTHqecKHX  rpaAHCHTOB  Hancpa  MexaHHqe- 
CKOfl  Cy4>4>03HH  fK f  H  K0HT8KTH0r0  paSMbIBa  7p,3,  npH  k'OTOpuX 
BblHOC  M6AKHX  (ppaKUHft  AOAXteH  6blTb  dt |<3?6,  Tax  XaX  B  3a- 
BHCHMOCTH  OT  3T0T0  3HaqeHHH  AOA3KHH  6bITb  yCTaHOBAOHbl  AAJI 
AaHHoro  rpyHTa  AonycxaeMwe  rpaAHeHTU  cy<|x})03HH  hah  koht8kt- 
Horo  pa3MUBa  (c  yqeTOM  xos^^u^HTa  3anaca),  t.  e.  aoahchu: 
6uTb  BunoAHeHbi  ycAOBHH  (20)  h  (21): 

Jtfn  Jjton  =  J 

rae  J$ „  —  rpajweHt  Hanopa  b  oOaacTH  paccxarpuBaeMoro  sieueRTa  naoTHHu 
HaH  B  ee  ochob«hmh,  npn  Koxopox  oCecneMHBaexcti  (Jm.ibxpauHOHHaH  nposHocxt 
rpyHTa;  k3,„  —  K09<J>4>HuneHX  sanaca  (Koxopwit  ycxanaBjiHBaexcH  b  33bhchmocxr 
ot  KaTeropHH  coopy*eHHS  no  KaimrajibHOCTH,  onacHOCTH  BoiHHKHOBemm  cy<p- 
4>03Hh  h  np.  yc.ioBHft). 

XlaHHblM  MeTOAOM  M05KH0  H0Ab30BaTbCH  npH  OnpPACACHHH  AO- 
nycxaeMoro  k  oh t po  a  h  py  10 me  ro  rpaAHeHTa  'Hanopa 
b  CAyMae  neoAHopoAHoro  ochob8hhh  coopyateHHH,  o6pa30BaHHoro 
r0pH30HT8AbHblM  Han^aCTOB3HHeM  OTAeAbHblX  TpyHTOB  (CM.  2.5, 

n.  5°). 

B  pe3yAbTaTe  BunoAHCHHbix  pacqeTOB  no  weTOAy ,  yKa3aHHOMy 
b  (3.3,  n.  2°,  3°,  4°),  onpeAeAneTCH  Jmn  aah  xawAoro  caoh  rpyn- 
Ta,  CAaraiomero  ocHOBaHHe,  h  no  HaHMeHbiueMy  3HaqeHHio 
xax  HaH6oAee  onacHOMy  b  otholuchhh  cy<$4>03HH  ( BHyTpeHHeft  h 
Ha  xoHTaxTax)  c  yqeTOM  Ta 6a.  1,  npHHHMaeTCH  cooTRe-rcTByiomee 

3HaqeH«e  (JK)l0n. 


3.5.  OnPEAEAEHHE  PA3PyUIAK)mHX  TPAAHEHTOB  BbinOPA  rPYHTA 
H  MEPbi  BOPbBbi  C  MECTHbIM  OHAbTPAUHOHHbIM  BbmOPOM 

1°.  Pacnemnue  gSopMyAu  dAH  peuienuR  3adat.  censannux 
c  eunopoM  zpynma.  a)  B  BocxoA«meM  (})HAbTpa uhohhom  noTOxe, 
nOA  AeftCTBHeM  B3BeiHHBaK)WHX  H  4>HAbTpaUHOHHblX  CHA  MOXteT 
nponcxoAHTb  (J)HAbTpanHOHHHft  Bbinop  rpyHTa  (oTpbiB  h  nepeMe- 
meHHe  HexoToporo  oCieMa  rpyHTa),  t.  e.  ecAH  b  KaKofl-.in6o 
O^AaCTH  BepTHKaAbHbie  C0CT8BABK)lUHe  rHApOAHHaMtiqeCKHX  CHA 
npeBbiCHT  xpHTHHecxHe  3HaqcHHH  ii  He  6yAyT  ypaBHOBeiueHbi 
CHA3MH,  npenaTCTBy k>ui,hm h  Bbinopy,  to  b  9tom  CAynae  MoaceT 
npon3oflTH  Bunop  rpyHTa. 

Chabmh,  npenHTCTByiomHMH  Bbinopy,  hbahctch  Bee  rpyHTa  oc- 
hob3 hhh  h  Bee  npnrpy3KH  (Apenaixa). 


Phc.  14.  Ciena  Bunopa  rpyHTa 


CjieAOBaTejibHo,  ochobhoA  MepoA  fiopbfiu  c  BunopOM  rpyHTa 
SBjiHeTCB  npHrpysKB  ero  cjioeu  ApeHaxuoro  uaTepnaAa  *. 

6)  B  paCcrre  [3]  P.  P.  MyraeBhai  b  offmeM  bhac  paecuarpH- 
Baercsi  Bunop  rpyHTa  bocxoahiuhm  $HAbTpauHOHHbiM  nOTOKOu 

npn  HaAHHHH  npHrpy3KH  no  cxe- 

i„p  ie,  npHBeAenHOA  Ha  phc.  14,  rAe 

/  cjioA  t  noAsepiKCH  acActbhio  Ha- 

j  npaanewHux  BBepx  (pHAbTpauHOH- 

.7  ' 'X .  j*.-.-.  HbIX  CHA  /«,.  MrOObI  He  AOnyCTHTb 

• '•'•  v' : •'  *  Bunopa  rpyHTa  a6ez  (JwAbTpa- 

v1,  'wgvrvi,ii-y  •  —  —  UHOHHbiMH  chabmm,  AaHHufl  rpyHT 

°  '9>  vM  AOAXteH  6biTb  npnrpyweH  CAoeu 

ApeHaxcHoro  rpyHTa,  toaiuhhoA  T. 
Phc.  14.  Ciena  aunopa  rpyirra  B  cootbctctbh  h  c  yica3aHHUl( 
r-ToauiMHi  c*»  npHrpysKH;  /-tmuuum  npO(l).  P.  P.  MyraeBblM  CblAO  npeA* 
cjob  rpyina.  nouepateiiNoro  Minopy.  ^peiueiiHS  BOnpOCOB 

sunopa  rpyHTa  CAeAyiomee  ypaeHeHHe  [3|: 

T'lnp  +  =  fca»n  */$>  (38) 

Tie  7.3,-o6ieMHbiH  Bee  B3BemeHHoro -rpyHTa;  fnp  —  o6-benHuii  aec  naTepnaja 
npHrpy3KH  (a  cyzou  hzh  bo  BBBemeHHOM  coctobhhh);  kM  —  K03(jHj>HaHeHT  3a- 
naca;  t  —  toauiMHa  caoa  rpyHTa,  noABepweHHOro  Bunopy;  /$  —  yaeabHaa  <pnab- 
TpaiiHOHHaa  cHaa,  npHaoaceHHaa  x  eAHHXite  ofitexa  rnyKTa,  BeaHiHHa  xoropott 
(coraacHo  K.  Tepaani)  paBHa: 

/♦-V.  O9) 

rxe  7,  —  oOieiiHUtt  Bee  boau;  J  —  nbeaoneTpHiecxHA  yxaoH  (rpaAHeHT  Hanopa). 

06-beuHbiA  Bee  rpyHTa,  B3BeuieHHOro  b  boas  7*,,: 

Tmb  =  Tex  -  (1  -  n)T».  '  (40) 

tjk  7c*  —  o6beMHuii  Bee  cxeaeia  ^cyxoro)  rpyHTa;  n  —  nopHCTOCTb  b  aojbx 
«AHHH[|bl 

M3  npHBeA€HHoro  ypaBHeHHH  (38)  npeACTaBAHeTCH  bo3uow- 
HUM  OnpeACAHTb*. 

a)  KpHTHnecKHA  rpaAHeHT  Bbinopa  rpyiira  npn  oTcyrcTBHH 
.npnrpy3KH; 

6)  buxoahoA  rpaAHeHT  Hanopa  npn  h3Ahmhh  npnrpy3KH; 
B)  TOAIUHHy  CAOH  npHTpySKH  B  33BHCHMOCTH  OT  BeAHHHHU 
suxoAHoro  Hanopa  ywx. 

b)  BeAHMHHa  KpHTHHecKoro  rpaAHeHTa  Bbinopa  >*p  uoweT 
<5uTb  noAynena  H3  "ypaBHeHHH  (38)  b  CAyiae  OTcyTCTBHH  npw- 
rpy3KH,  t,  e.  npn  f=  0  h  kuu  =  1. 

npH  33A3HHUX  yCAOBHHX  BHeCTO  (38)  6yAen  HUeTb  7„,  =  /* 
HAH  7„,=  Tr/Jp.  IlOACTaBAHH  SHBieHHfl  H  7m  H3  (39)  H  (40) 
w  7„  =  A(l—  n),  nocAe  hccaojkhhx  npeo<5pa30BaHHA,  noAyqHii 
-<t>opMyny  aah  onpeAeAeHHH  bcakhkhu  xpHTHnecKoro  rpaAHeHTa 

*  MoryT  HMerb  necTO  h  KOHCTpyxTHBHue  MeponpHRTKH,  xax  HinpHMep: 
-paarpyaoRHuA  xpenam,  ynoxoxeime  orxoca,  b  cayue  buxom  xpiisoA  xenpec- 
<hh  h«  ero  noaepxHOCTb  (cm.  Haxe). 


"•V 

'  !Hi\ 
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Bunopa  Jl p  b  caoe  rpyHTa,  nOABepweHHoro  Bbinopy,  npH  OTcyT- 
ctbhh  npHrpy3KH  b  MecTe  BbixoAa  cpHAbTpauHOHHoro  noTOKa: 

(>-«)•  <*» 

rae  ^  —  yjejibHbiH  Bee  sacTHU  rpyHTa;  y,  —  ofi'beMHufi  sec  boaw;  n  —  nopH- 
CTOCTb  rpyHTa  B  Aoaax  eAHHHUbl. 

AaHHoft  <}>opMy.fle  (41)  cooTBeTCTByioT  (|>op»iyjia  K.  Tepuarw,. 
a  TaKace  E.  A.  3aMapHHa*  0  —  /t)  +  0,5«,  ho  6ea. 

nocAeAHgyo  Helena. 

FIpH  onpeAeAeHHH  -7jp  aab  MeAK03epHHCTbix  necnaHbix  rpyH- 
tob,  HueioiUHx  cpeAHHft  pa3Mep  qacTHu  dM  =  0,07  —  0,20  mm^ 
b  (pop  My  Ay  (41),  wax  noKa3a/iH  SKcnepniieHTU,  CAeAyeT  bbcctw 
nonpaBOHHbifl  Koa^tpHUHeHT  a: 

(41> 

rae  a  =  0,90  —  0,95. 

r)  J\ji h  onpeAeAeHHH  BeAHHHHbi  buxoahoto  rpaAHeHTa  nanopa. 
yw„  npH  H3AHMHH  npHrpy3KH  TOAlUHHOfl  CAOH  T,  fjaCHCTHaH  3a- 
BHCMMOCTb  MOixeT  6uTb  noAyqeHa  H3  ypaBHeHHH  (38). 

npiuwuaa  *»-l,  »  x»K«e  yqHTUaaa,  -to  2»=  A,  "P<™» 

ypaBHeHHe  (38)  othochtca bHO  Jw,  noAyMau: 


rae  CyKBeHHue  o6oaHaqeHMfl  Te  ace,  iro  b  ypaBHenHH  (38). 

H3  npHBeAeHHOft  33bhchmocth  (42)  CAeAyeT,  bto  hco6xoah- 
MOCTb  b  npHrpy3Ke  rpyHTa  ochob8hhh  b  Mecre  buxoas  <|)HAbTpa- 
UHOHHoro  noTOKa  Tpe6yeTCH  b  tom  CAynae,  KorAa  •/M1x>./£p,  rAe- 
A-  KpHTHHecKHfl  rpaA«eHT  Bbinopa  aah  abhhoto  rpyHTa  ocho- 
B3HHB,  3H3HCHHe  KOTOpOTO  OnpCACAHeTCH  no  33 BHCHMOCTH  (41) 
HAH  (41')< 

a)  ToAiUHHa  caoh  npHrpy3KH  T,  c  yneTOM  K094>(J)HuHeHTa  3a- 
naca  k3,„,  mojkct  6uTb  onpeAeAeHa  H3  3a  bhchmocth  (42): 

r  =  "•  («>* 

rae  KosipijmuHeHT  aanaca  peKOMeHjye-rcfl  npHHHMaTb  ku„  =  1,2  — 1,5. 

3aBHCHM0CTH  (38)— (43)  MoryT  6biTb  HcnoAb30BaHbi  aah  peuie- 
HHH  3aAa<l,  CBH33HHbIX 

a)  c  onpeAeAeHHeM  aahhh  noAaeMHoro  KOHTypa  nAOTHH; 

*  3aMapHH  E.  A.  ABHaceHHe  rpyHTOBux  boa  noa  rnapoTexHHiecKHMK  coopy- 
aceHHHMH,  H3A.  BHMXM,  1931,  112  c.  c  h.ia. 


6)  c  onpeAejieHHeM  KpHTimecKux  rpaAHeHTOB  Bunopa 
rpyHTOB  OCHOB8HHH  H  TeJia  nAOTHHbi; 

b)  c  onpeAeAeHHeM  toaiuhhh  npHrpy3KH  (npn  Jtux  >  Jtp) 
jijih  objiacTH  rpyHTa,  noABepweHHoro  Bbinopy  h  np. 

Hnace  npeA^araioTCH  mctoau  peiueHHH  sthx  3aAa iiphmchh* 
TCAbHO  K  rHApOTeXHHHeCKHM  COOpy WeHHHM. 

2°.  Mepu  6opb6u  c  MecmnuM  $uAbmpau,uoHHUM  eunopou 

a)  Bunop  rpyHTa  npH  Buxoae  $HAbTpauHOHHoro  noxoKa  b  hhjkhhh  6be<J> 
(pHC.  15  k  16) 

Bunop  rpyHTa  MoaceT  noHBHTbca  3a  npeaeAaMH  noA3euHOro 
acoHTypa  coopyweHHH,  npH  euxoAe  cpHJibTpauHOHHoro  noTOKa 

B  HHKHHft  6be<}),  TAe  AOAJKeH 

pacno/iaraxbCH  ApeHaxt,  buhoa- 
KHIOmHfl  OAHOBpeMeHHO  H  pOAb 
npnrpy3KH  rpyHTa  ocHOBaHHH 
(pHC.  15). 

npoBepxy  rpyHTa  Ha  Bbinop 
b  o6a3cth  HHWHero  6be<J>a  CJie- 
AyeT  BhtnoAHHTb  npw  ycnoBHu, 
eCAH  MaKCHMSAbHblfl  BbIXOAHOft 
rpaAH6HT  Hanopa  b  HHxcHeu  6be- 
4>e  >  0,60  -  0.70  [2). 

npH  MSKCHMaAbHOM  3Ha<fe- 
hhh  BbixoAHoro  rpaAnetiTa  Ha¬ 
nopa  b  HHHCH6M  6be<pe: 


Pfic.  15.  K  onpeaeaeHHio  Toaimmu 
npHrpy3KH  T 

1— •uioaho*  ibptmeirT  noxacuaoro  xairrjpt 
coopyxcHHa;  i-npKrpyjri;  A  ■  A  +  aA-m- 
■mrpauuix  unopot;  ,jr"— pacwnaa  Mpn- 
KUk  ui  aocrpocim  iniopM  rpmuwrroA 
Jy—fWi  t  (x)-»BBp«  kuxouux 

rpuMRTOi;  J^p—  *p»nwtcimA  rpuneKT 
■Hoop*  UI  rp^HTl  OCHOMHK1  (DpN  OTCyT- 
ctwm  DpNrpysuB);  <np-junii  npurpysm. 


7“*KC  >  y“ , 

nux  *  xp* 


(44) 


rAe  J'y fp  —  KpHTHMecKH#  rpanHem  bu- 
nopa  aar  AaHHoro  rpyHTa  ocHOBaHHR, 
B6AMHHHA  KOTOpOTO  OnpCACJIABTCR  ITO, 

3Abhchuocth  (41)  hah  (41').  caeayeT 
npeAycMarpHSiTb  cooTBeTCTByiomHe 
MeponpHRTHR  no  npeaoTBpameHHn 
BToro  HeNceaaTeabHoro  rbaghhh. 


npH  HCCAGAOBSHHH  (pHAbTpailHH  (HanpHMep  MBTOAOM  3 171  A) 
B  TeAe  H  OCHOB3HHH  3eMAHHOfl  HAH  CeTOHHOft  tlAOTHHbl  CTpOHTCH 

antopa  buxoahux  rpaAHeHTOB  Hanopa,  nan  noxasaHo  Ha  pHC.  15 

B  UeAHX  BbIHBAeHHfl  MBKCHMaAbHUX  3HaqeHHft  BUXOAHUX  rpa¬ 
AHeHTOB  Hanopa,  sniopu  buxoahux  rpaAHeHTOB  CAeAyeT  crpoHTb 
aah  ofiAacTH  rpyHTa  ocHOBaHHx,  npHAeratourefl  bosmohcho  6AH»e 
k  ahhhh  noBepxHocTH  AHa  HHiKHero  6be4>a. 

3niopu  buxoahux  rpaAHeHTOB  abiot  BoawowHOCTb  ouenHTb 
npOlHOCTb  H  yCTOflHHBOCTb  OCHOB8HHH  COOpyweNHH. 


1.  OnpeAeJieHHe  toauihhu  m  aahhu  npnrpy3KH 

Ha  pHC.  15  npHB6A&H  BuxoAHoft  (pparxeuT  noAaeuHoro  koh- 
Typa  coopywemm  c  ahhhhmh  paBHux  HanopOB  h  antopoft  buxoa* 
mux  rpaAneHTOB  J,UI  —  f(x). 

Ha  pHC.  16  npHBeAeau:  J 

а)  HH3OBO0  KAHH  3 €UA«HoH  II  AO' 

THHbl  CApeHaXCHOfl  npHSMOfl,  AH*  O)  V  «?4> 

hhbmh  paBHux  Hanopoo  H  anio-  -V  >fb) 

poll  BbIXOAHUX  rpaAHCHTOB;  ^  0  -  f— ^ - * 

б)  HH30B0ft  KAHH  3eM  ABHOfl  nAO*  1 

THHbl  C  HaCAOHHblM  ApCHaXCOM  '  : 

H  OTBOAHUiefl  KaHaBOft.  ; 

/(ah  peuieHHH  Bonpoca  o  ■:■}.'}:  /Xv^r.  ,h 

TOAlUHHe  npHrpy3KH  B  ()6AaCTH  ^  : 

BuxoAa  (pHAbTpauHOHHoro  no*  ii*4k  > 

TOKa  B  HHWHHfl  6be<p,  W  803-  .VJ-Vv^^-Y-'/ 

MoaceH  Bbinop  rpyHTa  (npH  f)  "  \  1 
Jtia>  Jl p),  Heo6xoAHMO  HMCTb  yf  \  4 

rHApoAHHaMHHecKyio  ceTKy  ,vYr>*L 

<J)HAbTpaHHH,  npH  BWXOAe  CpHAb-  ^  /!  -  - 

TpauHOHHoro  noToxa  b  hhxchhA  •  j  x 

€be4>,  h  3niopy  buxoahux  rpa-  ,4,,  - 1  M  , 

ahchtob  —f(x),  ksk  noKa*  - .> ■  vv f 
3a«o  Ha  p»c.  15. 

Ha  buxoahom  (pparxeHTe  K  v 

noA3eMuoro  KOHTypa  coopywe-  -- 

hhh,  nepe3  ero  KOHeiHyio  TOMKy  P«c.  16.  K  onpeaeaeHHio  nunopa  rpyHTa 
npOBOAHTCH  pacieTHaH  BepTH-  »«•»««>#  nj.orH«M  c  4peH<UK- 

Ka^b  ny  (pHC.  15).  Ha  3TOft  n°P°»  h  ainopu  buxoahux rp*AMeHTOB.  0— to  we 
paCHCTHOfl  BeptHKaAH  CTpOHTCH  *  MM»»!0“,,,e*  *■*“** 

amopa  pacnpeAeAeHHH  rpaAHeH- 

TOB  B  TOHK3X  nepeceMCHHH  pacneTHOft  BepTHKaAH  .y*  c  AHHHH- 
mh  paBHux  HanopoB  (1,  2,  3. . 

Ha  p»c.  17  npeACTaBAeHa  sniopa  Jy=f(y),  noAyMeHHaa  na 
pacMeTHoft  BepTHKaAH  ,y‘,  rAe  no  BepTHKaAbHoft  och  „v“  otao- 
*eHbi  paccTOHHHH  ot  noBepxHocTH  HHJKHero  6be<J»a  (ottomkh  4) 
Vt,  ya  H  y„  COOTBCTCTByiOUlHB  38rAy6AeHHHM  TOMSK  1,  2  H  3' 
(pHC.  15),  a  no  och  Jy  cooTBercTByioiUHe  stkm  tohk8m  l,  2  h  3 
rpaaiteHTu  Hanopa  Jy%,  Jy ,  h  Jy,,  noAyqeHHwe  KaK  cooTHOtueHHH 

/.  _AA 

»  If,  •*”  •  •  • 

y, 

B  peayAbiaie  ncuiyiaeu  Ha  pacweTHoft  bcpthkjah  ,ym  an lopy 
pacnpeAeAeHHH  rpa  ahchtob  Hanopa  Jy  =  /(y). 

3aTeM  no  38bhchmocth  (41)  hah  (4T)  onpeAeAaeTca  BCAHKHHa 
KpHTHnecKoro  rpaAHeHTa  Bbinopa  A p  aah  abhhoto  KOHKpeTHoro 
rpyHTa  ocnoBaHHa. 


Phc.  16.  K  onpeAeaeHHio  Bbinopa  rpyHTa 

0-HM9OtoA  KJHN  3eM.fHffoA  RJIOTHHU  C  JtpeHAlK- 
H°A  npH3MOft  C  nOKtMHHCM  4HMHA  ptBHfalX  H«- 
nopos  h  sniopu  buxoihux  rpajweMtOB.  0— to  we 
c  HtcAOfflfkiM  JipenawoM  h  oTnojumeft  jtpeNBw- 
hoA  kbubboA. 


.y*  C  AHHHH- 


no  nojiyieiiHOMy  3HaqeHHio  J%  h  sniope  rpaA«eHTOB  7,=/( y), 
pHC.  17,  onpeAeaaetCH  TOJimHHa  cnoa  t,  cooTBercrByiomaa  KpH- 
THiecKoA  rayfiHHe  sohu  sunopa  y%,  rAe  rpaAMeuT  Hanopa  pa* 
BeH  yfp. 

3hbh  BCAHHHHy  t,  no  <|K)pMyjie  (43)  onpeACJiaeTcn  toauimhb 
caoh  np«rpy3KH 

T  =  t  (Jgux  —  Jjp)  *«n. 

me  tiip  —  o6i>euHbiH  Bee  npHrpy3KH  xoaceT  Curb  a  cyxox  mjk  bo  B3BememioM 
coctobhhh  (b  HexoTopux  cxyqasx  fieroHHue  iixhtu);  kaut=  1,2—  1.5. 

flAHHa  npHrpysKH  /„p  (pnc.  15)  upweT 6uTb  onpeAeaeua 
no  sniope  buxoahux  rpaAneHTOB  Hanopa  JmX—  /(•*). 


Phc.  17.  9nnpa  Jy=f(y)  hi  picieTHoft  septNUxa 
,y‘  (jhi  onpexexeHH*  tojuuihu  cxob  t,  cootbct- 
CTBynmero  myOaiie  sohu  aunopa) 

I,  2,  2— tobim  ntpecMMBi  HnenH  »rnm>  .**  <  nan- 
imm  puna  Muopos  (bbc.  (5);  y,;  y,;  y,~tam»trenytomK 
JVtJWJKHRI  IWM  /,  2,  3  #T  UOBtpUOCTB  HDKMrO 

3hs5i  BejiH^HHy  J\ p,  3HaseHHe  KOToporo,  kbk  yicasuBaAocb 
Buuie,  onpeAevtuercH  no  3bbhchmocth  (41)  hah  (41')  aah  abh* 
Horo  rpyHta  ocHOBaHHH,  Ha  sniope  Jw  =■  /(x)  OTKAaAUBaerc* 
ero  SHaqeHHe  h  onpeAeAnercH  b  uacuiTade  no  och  ,xm. 

Aahhs  npHrpy3KH  ot  BOAOHenpoHHuaeuofl  qacTH  BUxoAHoro 

JparueHTa  coopyweHHH  b  HsnpaBAeHHK  och  „x“  c  yieroii  kos$- 
HUHeHTa  sanaca  (*„«)  6yAer. 

lap  =  Bata  -*«p-  (45) 

CaeAyeT  OTuentTb,  qro  b  38bhchmocth  ot  coots ba  rpyirra  oc- 
HOB8HHH,  rpaHyjiOMeTpHiecKH#  coctsb  npHrpysKM 
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b  30ne  KoHTaKta  c  rpyHTOM  ochob3hhh  aoawch  6uTb  noA06paH 
no  nptiHUiiny  o6parHoro  (pHAbrpa  (pnc.  15): 

a)  /I  a  a  3auuuuae.vioro  cBa3HOro  (mhhhctofo)  rpyHTa  ocHOBa- 
HHH  C  miCAOXl  n.iaCTHHHOCTH  W„  >  3  —  5,  rpaHyAOMeTpHtecKHft 
cocTaB  MaTepnaja  npnrpy3KH  (b  sone  KomaKTa)  aoajkch  yAOBJte- 
TBopstt.  cAeAViomeiiy  ycAOBfcio: 


<D':p  -  VS^-y7^'  CM' 


(46) 


rue  Z>g,KC  —  MaK'CHxa.ibHUM  Anauerp  nop  npHrpy3KH,  onpeaeaserca  no  3aait- 
chmocth  (22);  JaM  —  rpaaneHT  sunopa,  npn  Buxoae  <J>HJibTpaitHOHHOro  noToica 
B  HHMCHHK  6be<}>  (pUC.  17). 

6)  JXjm  3am«maeMoro  HecBHSHoro  (cunyqero)  rpyHTa  ocho- 
b8hhh  rpaH>  MOMeTpHqecKHft  cocTaB  MaTepiiaAa  npHrpy3KH  (b  3one 
KoirraKTa)  aoahcoh  yAOBAeTBOpHTb  ycaoBnio  HenpocunaeMo* 

CTH  [6]. 


2.  Pa3rpv30MHbift  Apeaaw 


B  3.2  n.  3  OTMenaAocb,  mto  b  npaKTHKe  rHApQTexHHHecKuro 
CTpoHTe.1  bCTBa  MoweT  HMeTb  mccto  TaKoft  BapnaHT,  KorAa  nAO- 
THHa  paciiOAaraeTCH  Ha  OTHOcurejibHO  tohkom  CAoe  rAHHHCToro 
hah  MaaoBOAonpoHimaeMoro  rpyHTa,  a  nOA  hhm  3aAeraeT  cAoft 
rpyHTa  c  OTHOCiiTCAbHO  GoAbiuefl  BOAOnpOHHuaeMOCTbio,  pnc.  12,a: 
CAOfi  I  —  rAHHHCTUfl,  CAott  II  —  necwaHhifl.  B  3tom  CAynae,  nOA 
AeitCTBHeM  (pHAbTpaUHOHHOrO  nOTOKa  MOJKCT  np0H30ftTH  MeCTHblft 

4>HAbTpauuoHHbifl  Bbinop  Ha  no- 
BepxHocTH  AHa  HHJKHero  6be$a 
OTHOCHTeAbHO  TOHKOTO  MaAOBO- 
AonpoHnuaeMoro  caoh  rpyHTa— 

I,  pnc.  12, a  h  18. 

r AHHHCTbift  CAoft  rpyHTa  (2) 
b  HHWHe.M  6be<J)e(pHC.  18)  oyAeT 
noABepweH  aunopy  c  AOCTaTOH- 
ho  SoAbiuHM  3HaqeHHeM  rpaAH- 
enTa  Hanopa. 

/left CTBHTeAbHo,  eciH  npe- 
HeCpeqb  noTepflMH  Hanopa  b  nec- 
H3HOM  C.loe  II  Ha  UIHpHHe  no- 
AOUJBbl  nAOTHHbl  (pwc.  12.  a),  TO 
AeftcTBViouiHft  Hanop  na  coopv- 
JKeHiie "pacnpeACAHTCH  11a  caoft 
rAHHHCToro  rpyHTa:  Ha  bxoa— b  BepxHeM  6be<J)e  h  bwxoa— b  hhw- 
hhS  6be4>.  npnqeM,  Ha  KawAOM  h3  sthx  yvacTKoe  6>act  repaTb- 
ca  BeAH'iima  Hanopa,  paBiiaa  npnMepHu  0.5Z. 


6be4> 


/  -re.io  n.ioTMHbi;  2— tohkhA  cmoU  imhhw,  toa- 
jumkoA  fcl;  3-p«3rpy3o<«HuA  ApewiMc; 
npMrpy3Kii,  tojiiumhoh  T\ 

Hblfl  p03Mep  ())ll.lbTpiU'‘fOHHUX  HOp  MtTCpHM* 

npurpyaxH. 


C'leAOBaie.’ibHo,  rAHHHCTuft  c.toft  rpyHTa  TOAiu.KHoft  tu  b  hh*- 
HeM  6be(})e  6yACT  HMeTb  rpaAtfeHT  Bbinopa 


0,5  z* 

‘'nun  ^  /  * 

zc  a 

me  Z  —  Hanop  Ha  coopyaceHHe. 


m 


B  aaHHOM  CAy^ae,  aah  npeAOTBpameHHH  HeAonyCTMuoro  flBJie- 
hhh  Bunopa,  HeoSxoAHMo  b  06,/iacTH  HHjKHero  6be(j)a  ycTpowTb 
BepTHKaAbHbift  pa3rpy3otHbiA  jpeti a *,  wax  noKa3aHO  Ha 
pHC.  18**. 

npH  H3AHMHH  TaKOrO  APCHajKa  B  HH3KH6M  6be<|)e  npaKTHHecKH 
CHHMaioTCH  BbixoAHbie  rpaAHeHTbi  Hanopa,  reM  caMbiM  HCKAtoaaeT- 
ca  onacHoctb  Bunopa  rpyHta. 


npHMeiaHxe.  AHaueip  h  KOHCTpyKtiita  pa3rpy30MHbix  CKBaacHH  BeptH- 
KajbHOro  xpeHaata,  hx  pa3MeiueHHe  (uiar)  onpexeasioTCR  no  pe3vsbTaTaM  <J>H.ib- 
TpauHOHHbix  HCcaejoBSHHH,  c  yqeTOM  rHAporeojiontiecKHX  m  Apyrnx  yc.iOBHii. 


n)  Bhinop  rpyHTa  npn  Buxoje  (pMXbTpauHOHHoro  noToica  Ha  otkoc 

B  CAyqae  oTcyTCTBHa  Apenawa  H3  hh3obom  kahhc  imothhh, 
hah  b  c.iviae,  KorAa  ApeHaw  HH30Boro  K.imia  iiaothhu  3aKOAb- 
M8THPOB3ACH  (hAH  3aCOpHACH  npH  CT6K3HHH  BOAbI  nO  OTKOCy), 
KpHBSH  AenpecCHH  MOmeT  BblKAHHHBaTbCH  Ha  nOBepXHOCTb  HH30- 
Boro  OTKOCa  IlAOTHHbl,  pHC.  19.  npH  BTOM  B  30He  nOA  AeftCT- 
BHCM  4>HAbTpauHOHHbIX  CHA  MOWet  IIpOH30ATH  MeCTHblft  (JjHAbtpa* 


ip" 


Pmc.  19.  Bmnop  rpyHTa  np«  Buxo.se  KpHBofi  senpeccwii  na  otkoc 
a  -TOMica  Buxoaa  KpHBofl  aenpcccuH  na  otkoc;  „fl"~30H*  Mecmoro  4>HJbTptuK0HH0ro 
Bunopa;  a-yron  HawoHt  hh30botq  otkoc  a  *  cop«30irry;  mH  =  ctg  hw- 

aoaoro  otkoc*;  D^iKC - M*KCHXi,ibHb«ft  ptaMep  <PhjUtp*uhohiimx  nop  MiTcpHa.i*  npn* 

rpyaKH. 


uhohhuA  Bunop  rpyHra,  b  pe3yAbTaie  Koroporo  OyAeT  Hapyuie- 

HB  npOHHOCTb  H  yCTOftHHBOCTb  HH3CBOrO  OTKOCB. 

rpyHT  B  06a8CTH  CAeAyeT  CHHT8Tb  yCTOAHHBblM,  eCAH 
yAOBAeTBOpaeTca  CAeAyiomee  HepaeeHCTBo  [3]: 

*  J*m  npHHHMaeTcii  no  peayxbTaTaM  ifmabTpauHoHHbix  HccxeAOMHHft  (pac- 
leTOB),  a  ui  opHeHTHpoBoiHo-npHCsHibeHHHx  paoetoB  no  ^opxyae  (47). 

**  y cTpoftCTBO  npHrpysKH  b  abhhom  cayxae,  npH  HaxHMHH  aHaurreabHux 
no  aeaHMHHe  buxoahux  rpaAHCHTOB  Hanopa,  aBsaeics  HeueaecooOpasHWM,  tm 
K8K  ee  ToauiHHa  MO*ei  aoCTHratb  iiecKoxbKiix  Merpos. 


»h  >  (48>- 

rae  <p  —  yrox  BHyTpeHHero  TpeHHn  rpyma. 

ECJIH  H6pa  B6HCTB0  (48)  He  yAOB^eTBOpHeTCfl,  TO  B  3TOM  CJiy- 
qae  aah  o6ecneqeHHH  ycTofliHBOCTH  OTKoca  (rpyHTa  b  o6a8Cth 
,B*.  p«c.  19)  Heo6xoAHMo: 

1)  hah  yBeAHHHTb  noAorocTb  HH30Boro  oTKoca,  t.  e.  y.ueHb- 
uiHTb  «  —  yroji  HaKAOHa  hh30boto  ornoca  k  ropHcoHTy; 

2)  HAH  nOKpUTb  nOBepXHOCTb  OTKoca  CAOeM  BOAOnpOHHUae- 
MOfl  npHrpy3KH  (pnc.  19). 

npH  9T0M  rpaHyAOMeTpHMeCKHfl  COCT3B  npHrpy3KH  (D0  HAH 
£>0,KC)  AOAHeeH  6blTb  T3KHM,  HTOCbl  yAOBAeTBOpflAOCb  CACAyJO- 
mee  ycAOBHe: 

Jv  K  Jw  <49> 

rae  Jp  —  sin  o  —  MaKCMuaJibHuti  pacieTHbifi  rpajmeHT  Hanopa  (pHc.  IS);  = 

=  1,10  —  1,20  —  KosipiJiHUHeHT  3anaca;  ypa3  —  KpHTHMecKHft  rpaaHeHT  pa3Mtjsa 
MeaxoaepHMCToro  hjih  CBfl3Horo  rpyHTa  Ha  KOHTaKTe  c  KpynH03cpHHCTUM  uaTe- 
pHaaoM,  onpeaeaueTCH:  a)  ajih  H6CBR3HUX  rpyHToB  no  (popuyae  (34);  6)  a.n* 
CBB3HUX  rpyHTOB  no  33BHCHMOCTH  (37),  CM.  3.3,  It.  4°. 

ycAOBHe  (49)  AOA3KHO  yAOBAeTBOpBTbCH  H  npH  Ha3H3MeHHH 
rpaHyAOMeTpHHecKoro  cocraBa  nepBoro  caoh  (pHAbtpa  aah  Ha- 
caohhoto  Apena>Ka  HH30Boro  OTKoca  baothhw. 

3.6.  HOPMAAbHAK  (MECTHAH)  ♦HJlbTPAllHOHHAH  IlPOHHOCTb 
rPYHTA  B  OBAACTH  TPyBIATOrO  A  PE  HAW  A 

TpyGMaTbift  Apenaac  ycTpaHBaeTCH,  rAaBHbiM  o6pa30M,  Ha  noA- 
MCHHbix  yqacrxax  fiaothhu,  xorAa  3a  ApenaweM  oTcyTCTByer 
BOA8  HHJKHerO  6bC(})a.  B  3aBHCHMOCTH  OT  MeCTOnOAOWeHHH  Tpy6- 
qaToro  ApeHawa  no  othoiuchhio  k  och  haothhu,  a  Taxace  ero 
cnocogHocTH  „0TTarn BaTb“  Ha  ce<5a  xpuByio  AenpeccHH,  b  oGa8Cth 
ApeHawa  MoryT  6birb  cocpeAOToqeHH  3HaqHTeAbHbie  no  BeAHMHHe 
BXOAHbie  rpaAHeHTbi  Hanopa. 

Ecah  rpyHT  ochob8hhh  hah  TeAa  nAOTHHbi  hbahctch  cy(J)<t>o- 
3H0HHUM,  TO  GAaTOAapH  3HaMHTeAbHhlM  nO  BeAHHHHe  BXOAHUM 
rpaAneHTaM  Hanopa,  b  oOAacTH  ApeHaata  motyt  BOSHHXHyTb  cy(p- 
4>03HOHHhie  HBAeHHH,  B  pe3yA‘bTUTe  KOTOpbIX  MOWeT  <5blTb  BbIHOC 
H3  TOAIUH  rpyHTa  OCHOB8HHH  H  TCA3  nAOTHHbi  Cy4x})03H0HHblX 
4>paKUHA  b  ApeHawHyio  npnswy,  mto  mowct  Bbi3BaTb  HeAonycTH- 
Mbie  npocaAKH  h  KOAbMaTaw  ApeHaata. 

npH  He  TmaTeAbHO  noAoSpaHHov  tpnyibTpe  b  oCAacTH  Apenaw- 
hoA  npH3MU  npoH3oftAeT  KOAbMarajK  rpyHTa,  hto  Moa<eT  Bbi3BaTb 
HapyuieHne  paCoTu  ApeHaaca— noA^eM  xpHBoft  AenpeccHH  h  bm- 
caiHBaHHe  <})HAbTpauHOHHoro  noTOxa  Ha  otkoc. 

B  ueAHX  npeAOTBpameHHfl  yxa3aHHbix  Bbime  HeaceAareAbHbix 
hbachhA,  xpoMe  npaBHAbHo  nOAo6paHHoro  cocTaBa  cpHAt/rpoB  |6]» 
AOAatHbi  6uTb  h  npaBHAbHo  HaMeqeHbi  coOTBetCTBy lotUHe  pa3ue- 


pu  ApeHa>KHOH  npH3MU,  OT  pa3M0pa  KOTOpOH  31BHCHT  Be.THHHHa 
bxoahux  rpaAneiiTOB  Hanopa  a  ApeHaw,  aopMa.ihHafl  pa<5oTa  Ape- 
Hawa  h  HCKAiOMaioTca  yKaaaHHue  Buuie  HeweAateAbHbie  Ae4>op- 
MaUHH. 

BeAHiHHa  BxoAHoro  rpaAHeHTa  Hanopa  b  ApeHawHyio  npH3My 
33BHCHT  ot  <))ha bTpa uhohho ro  pacxoAa,  nocrynaiomero  b  Apenaxc, 

K03(JxJ)H UHeHTa  4>HAbTpaUHH  rpyHTB  OCHOB8HHH  IIAH  TCAa  IJAOTHHU 
«  ot  nAOtuaAH  xtHBoro  ceieHHH  (pH.ibrpauHOHHOro  noroba,  np« 
axoAe  ero  b  ApeHaKH.vio  npH3My  (phc.  20). 


Phc.  20.  Tpy6>taTuB  jipeHa* 

/- kdhbu  »npeccnH;  a-H»n<ktfi>w«»  r.iySKHa  nponepunm;  pern*. 
hu  npHSHi;  /,  +  /.+  /,+/.+  I^l—cmwanull  n«pHnerp  ipcn«*na«  nwnu; 
Htn^niiHeHT  (pK.ifcTpauuM  rpyma  ocHosamia. 


noAaraa,  mto  b  06A8CTH  apeHaaca  4>n.ibTpauua  nponcxoAHT 
npH  OAHOMepHOM  TeqeHHH,  TorAa  3Ta  aaBHCimocTb  iioxceT  6utb 
BupaxeHa  no  3aKOHy  Hapca: 


J*K  — 


(50) 


rac  Q  —  <J)HabTpauHoHHurt  pacxoa,  Jfl.ceK;  k$  —  K03(J)4»HuneHT  (pHabrpauHH 
rpyHta  ochobmhii  hah  Teaa  naoTHrfbi,  m  cex;  u>—  naoutajb  xHBoro  ceieHHB 
$MjibTpaunoHHoro  noroKa,  axoasmero  b  xpeHaA  h  oTHeceHHaa  k  1  not.  m  ape- 
MMca;  <*  —  \L  —  1  (/j  -f-  /j  /j  -J-  /*  -f-  /y).  rae  L  —  /j  + 1«  +  h  +  /<  H*  /y  —  cmo* 
hchhmA  nepHtterp  ApenaxHOfi  npmuu  (phc.  20),  or  paauepa  Koroporo.  ms- 
hum  oOpaaon,  3aBHCHT  BeaHiKHa  bxoahoi-0  rpaaMeHTa  Hanopa  Jn. 

Mto6u  He  npoHCxoAHAO  yK83aHHbix  Buuie  Ae<t>opnauHft  rpyH- 
Ta  b  o6a8Cth  Apenawa,  paauepu  ApetuntcHOft  np»3Mbi  ao.dkhh 
CbITb  T8KHMH,  HT0<5bl  BXOAHOft  rpaAHCHT  Hanopa  /„  6hlJl  6fal  MeHb- 
Uie  HAH  paBeH  AOIIVCTHMOMy,  T.  e.  AOAXCHO  yAOBAeTBopBTbCH  oc- 
HOBHoe  yCAOBHe  (20):  ( 

Jn  <  Sum  =  J[^j*  9- 


rae  kM„  =  1,10  —  1  JO  —  Koa$$H(lHeHT  3anaca;  J*P  —  KpHTHiecKiiA  rpaAHeBT 
Manopa  ui  MHHoro  rpyHta  ochomhnr,  onpeaeaBeTc*  no  (popuyae  (29),  iipnim 
*‘i  <  .rfa*  ■ 
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n  pH  xe  uh  in:  1.  ripH  Hecy4K^o3iioHHMx  rpvHTax  Tea*  h  ochobihh*  nao- 
tmhu,  bc.ihmhh*  BxoaHoro  rpaaHeHTi  Hjnopa  b'  apeHaxHyn  npH3xy  aoa*H* 
ftaiTb  7„  <  0,70  —  0.75. 

2.  ripHBeaemiue  Burne  penoueHaauHH  uoryT  Outb  Ncnoxbaosaiiu  jmh  pac- 
leia  jpeHa/KHux  Kanas,  apCHaskHux  npH3M  h  ap. 

3.7.  AE0OPMAUHA  BEPXOBhJ*  0  I  KOCOB  OT  BOSAEftCTBHSI  BOJIH 


HaHoo.iee  pacnpocTpaHeHHUMH  THnauH  noKpuTHH  otkocob. 

OT  BO.IHOBOrO  B03AC ACTB H H  B  H8CTOHWee  BpeMH  HBAHIOTCH  noKpu- 
THH,  o6pa30BaHHUe  MOHOAHTHUMH  apMHPOBaHHUMH  nAHTSMH  60Ab- 
uioro  pa3wepa  b  ruaHe  (10X10  hah  20X  20  m)  hah  noKpuTHM 
H3  cCopHblX  II.1HT  (COejHHeHHUX  MeXAy  COCOft  UiapHHpHO),  pa3- 

MepaxiH  b  wiaHe  or  1,5  x  1,5 


ao  5,0  x5,03a,  yjtoiKCHHbiMH  Ha 
cn.iouiHofl  ^HAb-rpoBoft  noAro- 
TOBKe. 

Kpoue  roro,  uihpoko  pac- 
npocTpaHeubi  noKpuTHH  H3  Ka- 
MeHHofi  HaSpocKH.  KaueHHaa 
Ha6pocKa  Taxwe  pacnoAaraeTCH 
Ha  c.ioe  cn.iouiHott  (pH.ibTpoBOil 
noAroTOBKH  (phc.  21). 

ripii  HaKaTe  h  cna^e  boahu 

Ha  OTKOC  B  CAOe  (|)HAbTp080ft 


noAroTOBKH  B03HHkaeT  nyAbCH- 
pyiomaa  (pHAbipauna,  ot  jeftCT- 

BHH  KOTOpOft  MOweT  CblTb  H8- 
pyiueHa  npoHHOCTb  rpyHTa  ot- 
Koca  iiaothhu,  BepxoBoro  no- 
xpuTHH  h,  ksk  cAeACTBHe,  yc- 
TOftHHBOCTb  CaMOrO  OTKOCa. 


Phc.  21.  K  Bonpocy  ae(popxauHH  sep- 
XOBUX  OTKOCOB  OT  B03«eHCTBH«  BOTH 
/— TUO  imotbiim;  2~ Kpioaot  noupkrtat  OTKOC a 
(uanmot  ua  *u«ao6cTomniiiB  n.iHriMH);  3- 
CTO*  $MtTpOM*  nOXTOTOpKM;  <HUni  BO-IHU: 
?,-yroa  riuom  Mpnworo  OTKOC a  a  ropasoa- 

tv;  ftny(-paca«Tati*  rpuaaar  aanopa  npa 
ny BbcapyaMHtM  pcaiaxc  tpaaaTpaaaa. 


Bo  H36excaHHe  Hewe.iaTeAbHux  nocAeACTBHfl,  sanpoeKTitpo- 
BaHHaa  hah  noAodpaHHaa  H3  xapbepHUx  hah  HCKyccTBCHHo  noAy- 
qaeviux  rpyHTOB  (JwAbTpoBaa  noAroTOBxa  aoaachb  6uTb  npoBe- 
pena  Ha  koht3kthuA  pasMUB  BepxoBoro  OTKOca  iiaothhu,  npn 
yc.iOBHH  nyAbcnpyiomero  pexiHMa  npoAOAbHOfl  4>HAbTpau>iH 
(ot  HaxaTa  h  cnaaa  boahu)  b  c.ioe  4>HAbTpoBOfi  noAroTOBKH. 

<t»HAbTpoBaa  noAroTOBKa •  CyAeT  hsaokho  3aiumuan  ot  koh- 
TaKTHoro  pa3MUBa  otkoc  nAOTHHU,  npw  nyAbcnpyiouieM  pewnue 
npoAOAbHoft  4>HAbTpauHH  b  tom  CAyiae,  ec.iH  6yA«T  vaobjictbo- 
paTbca  c.ieAyiomee  ycAOBiie: 


rae  <  0,757rp. 


(51) 


rae  ./jj  —  pacneiHufl  rpaaHem  Hsnopa  npH  nyxbCHpytouieM  pewHxe  $H.ibTp*- 
uhh: 

Jl=  *"4.  (52) 

rae  *„  —  KoscptiiuHenT.  yMHTUBaiowHll  nyabCHpyioinHft  pexHM  npoaoabHoft 
qni.ibrpauHii  (no  oiHoiuexH»  k  pa3XiHBaniueMy  rpaaneHTy  nanopa.  npH  paBHO- 
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MepHotf  ycTdHOBHBmeiica  npOAOJibHoii  $HdbrpauHii):  *,,=  1,13—1,50  (j,ia  pacqe- 
Tob  peKOMti.AyeTcn  cpejHee  jiiaqeHHe  *n  =  l,3o);  JK—  rpajHein  n  caoe  4>h ji t>- 
TpoBoft  noarOTOBKH  Ha  KOHTBKre  c  rpyHTOM  Tea  a  naoTHHbi: 

Jx  =  sln^o  (53) 

rae  50  —  yrojt  Haoona  eepxoBoro  OTiroca  k  ropn30nry  (pne.  21). 

3HaneHHe  AP  onpeAe^aeTca: 

а)  aah  HecBH3Horo  rpyHTa  TeAa  ii^iothhu  no  3aBHCHM0CTH  (34); 

б)  aah  cBH3Horo  rpyHTa  Teaa  oaothhm  no  3aBHCHM0CTH  (37). 
Bcjih  yoioBHe  (51)  HeyAOBAeTBopneTCH,  Tor^a  CAeAyeT  H3Me> 

HHTb  rpaHy^OMeTpHHeCKHfl  COCTaB  <})HAbTpOB0ft  nOArOTOBKH  (bcto- 
pony  yM€Hbui6HHa  ero  KpynHoCTH). 

(IpHuevaHiie.  <t>HabTpauMOHHO-cy4»i>03HOHHaii  npoiHOCTb  caiioH  <pHjn>- 
TpoBOH  noaroTOBKH  uoBceT  fiuTb  npoBepeHa  no  MeToay,  yKasaHHowy  b  3.3,  n.  3°. 

33.  ♦HJIbTPAUHOHHAfl  IlPOlHOCTb  nPOTHB04»HJIbTPAUHOHHblX 
yCTPOHCTB:  nOHYPA,  3KPAHA,  flAPA  (IJIOTHHbl 

ripOTHBO<t)HJlbTpaU.HOHHbie  yCTpoftCTBa  B  Tejie  nAOTHHbl  yCTpaH- 
BaioTCH  c  uejibio: 

a)  yMeHbuiHTb  (pHJibTpau.HOHHbift  pacxoA  boau,  noerynaiomeft 

B  HHJKHHft  6be<J); 

6)  CHH3HTb  KpHByiO  AOnpCCCHH  B  HH30B0H  4aCTH  nAOTHHbl  AAH 

yBejinqeHHfl  y ctoA w h booth  HHSOBoro  OTKOca  iiaothhu; 

b)  yMOHbiiiHTb  nbe30HeTpH<iecKHe  ymioHU  cpHAbTpau,HOHHoro 
noTOKa  b  Tejie  fiaothhh  aj m  noBuuieHHH  ee  o  6  me  ft  (Ka3yaab- 
HOft)  H  MeCTHOft  (HOpMaAbHOit)  (J)  H  A  bTp  a  u  h  o  h  h  o  ft  npoq- 
HOCTH. 

OcoOenHO  b  Tex  CAyqanx,  xorAa  rpyHT,  H3  KOToporo  otcu- 
naeTca  nAOTHHa,  hbahctch  cy4>4>03HOHHUM.  B  btom  CAyqae  co3Aa- 
BHe  npOTHBO(})HAbTpaUHOHHhIX  yCTpoftCTB  HBAHeTCH  06H38TeAb- 
HblM. 

OAH8KO  npOTHBO(J)HAbTpaUHOHHbie  yCTpoftCTBa  (nOHyp,  3KpaH, 
HApO)  6yAyT  BblnOAHBTb  CBOK)  nOAOBCHTeAbHyiO  pOAb  B  TOM  CAy- 
sae,  ecAH  6yAer.  oGecneieHa  hx  <|)KAbTpauHOHHas  npo?HOCTbt 
t.  e.  b  npouecce  BKcnAyaTauHH  He  SyAeT  npOHCXOAHTb  oTCAanaa- 
hhh  arperaTOB  nacTHu  cBH3Horo  rpyHTa  hah  rpyHTa  axpaHa 
(flApa)  b  nopbi  rpyHTa  npH3MU  nAOTHHbi  hah  nepBoro  caoh 
-<t>HAbTpa  npH  ABHHblX  KOHKpeTHblX  rHApOABHaMHWeCKHX  yCAOBHHX 
H  KOHTaKTHpyeMUX  KpynH03epHHCTbIX  rpyHTaX. 

B  a8hhom  CAynae  CAeAyeT  no  rpaHyAoueTpHnetKOMy  cocTaBy 
KOHTaKTHpyeMUX  KpynH03epHHCTux  rpyHTOB  (noACTHAawuiHx  no- 
«yp  HAH  rpyHTOB,  KOHTaKTHpyeMUX  C  9KpaHOM,  BAPOM  npH3M 
daothhu  hah  <}>HAbTpoB)  Ha3Ha<iaTb  (hah  npoBepHTb)  paavepu 
(TOAlUHHy)  npOTHBO(j)HAbTpaUHOHHUX  yCTpoftCTB. 

4>HAbTpauHOHHaH  npOMHocTb  cBH3Horo  rpyHTa  C  HKCAOM  nAa- 
■cthhhocth  W„>  5  noHypa,  sKpaHa,  hap  a  6vact  oOecneneHa 
b  tom  CAyqae,  ecAH  npH  npHHHTUX  pa3Mepax  (TOAiUHHe)  6yAyT 
yAOBAeTBopHTbCH  npHseAeHMue  HH*e  ycAOBHH : 
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a)  Rah  noaypa 


(54) 


Ja  = 


*0 

5„ 


<yp. 


rAe  J„  —  MaKCHucaAbHbiit  KOHTpo.inpyiomHft  rpaAneHT  Hanopa  aar  rpyHTt  nonypa, 
onpeaeviHeTca  nan  yaaaaHO  b  2.5.  nf4a,  pH c.  9;  —  noiepa  Hanopa  Ha  aahhc 

scero  ochobshhb  noHypa  (cm.  2.5.  n.  4°),.  pHC.  22;  S„  —  tojiu»hh a  jteUcTBmeab- 
Horo  nonypa;  7p  —  aonycTHMuS  pacHeiHbift  rpawem  Hanopa  noAcmaaioiKero 
■cjior  rpyHta  noa  noHypom 

1  r  0.34  1 

f~  f  l  ( D «*)2  ~  7  (55) 

Sna'teHHe  K03(j)4)HuHeHTa  <p 


/>J‘KC,  CM 

>0,1 

0,2 

0,3 

0,4 

0.5 

0,55 

0,583 

0,50 

0,46 

0,42 

0,32 

0,18 

0,08 

0 

£)m>kc  —  MaKCHMaAbHbiB  pa3Mep  (JjHabTpauHOHflux  nop  noAcmaaioiiiero  noHyp 
rpyHTa  (pnc.  22).  onpeAeaaeTca  no  3aBHCHM0CTH  (22);  [npHieM  ^>““<0,583  cm. 
Ecah  ycJiosHe  (54)  He  yAOBA eTBopa eTCH .  to  b  tbkom  CAynae 

HAH  AOAJKHa  6falTb  VBeAHHCHB  T  O  A  1H  H  H  3  HOHypl  8„  HAH  nOA 


«».  h„ 


:  : 


Phc.  22.JK  pacneTy  <])nnbTpauHOHHott  npotHOCTH  nonypa, "'sKpai; 
Ao-norep*  Hinepi  Hi  ninne  Kiro  ocHoBimn  rnwypi;  >B-ToamH«i.ae#cTBH-'e«b- 
Horo  noHypt;  Z-h» nop,  ieftcTBy»mMA  m  worm;  &9— tcmiiihm*  axpan*  (hh*« 
TO«4kM  ,C*);  0jiKC-noicTHJtaioiuHA  rpy«T,  r  utKCHMMbHuft  p«3Mep 

nop  d;«c. 


nonyp  AOAHteH  6biTb  yAOweH  AOnoAHHTeAbHhitt  noACTHAaiomHft 
CAOft  rpyHTa  toauihhoA  0,3 -^0,5  m  c  iieHbuiHU  3Ha<teHHeM  Ds»*\ 
t.  e.  no  KpynHOCTH  GoAee  MeAKoro  rpanyAOMeTpHnecKoro  cocTaB?. 

6)  Rah  aKpaHa 


y9  = 


(56) 


rAe  —  rpaAHeHT  Hanopa,  aeiicTByiomHft  h«  sxpaH;  Z  —  nanop,  AeNcTByiotuHA 
Ha  naoxHHe;  S,  —  m/uuHHa  9Kpana  (HH*e  tohkh  ,Cm,  yaa3<HHOft  ha  phc.  22) 
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B  cjiyiae  OTcyTCTBHH  boau.b  h h >k h e m  6be4>e  (towk3  »C“  Ae- 
iKHT  Ha  noBcpxHOCTH  OCHOB3HHH),  Be.nmuHa  rpaAneHTa  nanopa, 
AeflCTBytomero  Ha  sicpaH,  npHHHuaeTCH: 


rae  —  ray6«H3  bojn  b  aepxHeM  6be$e  (pile.  22);  8,'  —  To.iuWHa  »KpaH«  no 
HM3y  (HOpMa.lbHO  K  OCH  3Kp3H3).  D^*kC ,  BXOaBUICe  B  (pOpMVIV  (55),  MOBCBT 
«blTb  OTH6C6HO  K  rpyHTV  npH3MU  IMOTHHbl,  npH  OTCVTCTBHM  4>H3bTpa  C  HH30- 
boA  CTOpoHu  9KpaHa,  h.ih  k  rpyHTV  nepBoro  exon  (pH.ibTpa.  npn  Ma.iHBHH 
TwoBoro. 

b)  J1.1H  BApa 

7,  =  tg  a  <  yp.  (58) 

rae  Jt  —  ua  KCMMaakHMtt  rpajMenr  nanopa  sap  a  na  othhw  «a  yposne  Boaw 
HHmHero  6be$a;  i  —  yro.i  HaKJiOHa  hhtoboh  rpaHii  sapa  k  ropinoHiv  (cm. 
puc.  12,  tf).  Jp  —  onpeae.isetcs  no  tJwpMyae  (55),  rae  D“,ltc  —  MaKCHMaabHuA 
pasMep  <pM4bTpamtoHHMX  nop  rpyHTa  re.ia  itsothhu  (npH  orcyTCtBKH  (pw.ibTpa) 
nan  rpyHTa  nepaoro  cjios  <j>HJibTpa. 

B  38BHCHM0CTH  ot  Hangpa  na .  coopyweHHe  Z  MoweT  6uti> 
onpeAeAena  TpeCyeMaa  no  yCAOBHHM  (pH/ibTpauHOHHOft  npoqHOCTH 
toa iu,HHa  rjiHHHCToro  3KpaHa  (»Apa)  itaothhu  5  no  3aBHCnuocTH: 


rae  2  —  Hanop,  aeiicTByiouui#  h3  coopyxeHHe;  Jp  ~  onpeae.rseTcs  no  <pop- 
My.ie  (55). 

OKOHiaTeabHoe  peuienne  aonpoca  o  toawhhc  r.iHHjicToro 
SKpana  (napa)  aoawho  peuiaTbca  nyTeM  epaBHHTe.ibHbJx  tcxhhko- 
BKOHOMHieCKHx  pacneTOB  b  KaxtAOM  KOHKpCTHOM  cAynae,  c  yqe- 
tom  Bcex  Tpe6oBaHHft,  npeAi>HBAHeMUX  k  axpanaM  (HApaM). 

3.9.  OHAbTPAUHOHHASI  IlPOHHOCTb  TPyHTA  AAPA  (3KPAHA) 

B  30HE  KOHTAKTA  (nPH  COflPJDKEHHM)  ,CO  CKAAOH  OCHOBAHHH 

B  npaKTHKe  rwApoTexHHHecKoro  CTpoHTejibCTBa  oco6oe  bhh- 
MaHHe  aoajkho  6biTb  oG  pa  me  ho  Ha  conpmKemie  MaTepwaJia  a  a  pa 
(sKpaiia)  c  ocHOBaHHeM,  KOTOpoe  MOweT  6hiTb  BunoAHeno  b  bhac 
6eTOHHofl  no.iyuiKH,  6eTOHHOft  npoCicK  (b  pycAe  peKH),  h  ecrecr- 
BenHofl  TpeuiHHOBaToft  cKaAofl  (3a ueMeHTHpOBaHHOfl  hah  Hesaue- 

MeHTHpOBaHHOfl). 

B  30He  npHMbiKaHHfl,  t.  e.  Ha  KOHTaKTe  MaTepna^a  hap* 
(skpaHa)  c  ochobbhh€m,  npH  HeC.iaronpHfiTHbix  vcaobhhx  [He- 
xaqecTBeHHoA  (HeAoy nAOTHeH  hoA )  yKAaAKe  rpyHTa  hap#  hah 
sKpana,  ofipaaoBaHHH  TpewHH  h  np.|  Mower  HueTt  Mecro  ycH- 
AeHHBH  KOHT8KTH8H  <}>HAhTpauHJi  (CM.  pHC.  12, 0;  JK),  B  pe3VAb- 
TaTe  KOTopofl  6yAeT  npowcxoAHTb  HapymeHHe  npoqHOCTH  mbtc- 
pHaAa  HApa  hah  sKpaHa,  hto  Mowei  npHBeCTH  k  HeweAaTeAbHUM 

nOCAeACTBHHM. 

B  ueAHX  oOecneneHHH  4>nAbTpauHOHHoA  npoiHccTH  MaTepnaAa 
HApa  (SKpBHa)  B  30He  npHMbIKaHHH  CO  CKSAOfl  OCHOBaHim,  CeTOH- 
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HOfl  noAyiuKoft,  SeTOHHoft  npo6kofl  hcoSxoahmo  H3  Toro  we  Ma- 
TepHa^ia  aapa  (axpaHa)  nojoCpaTb  6o/iee  KaiecTBeHHbifi  cocTaB. 
rio9TOMy,  npn  Ha3HaieHHH  ,30hu  rpaHyjioMeTpHHecicoro  cociaBa 
rpyHTa  HApa  (axpaHa)  imothhu,  npHroAHOro  aah  y ka3Akh  b  nptt- 
MblK&HHH  C  OCHOBaHHeil*  (pHC.  23,  ,30HU  nm),  Heo6xOAHMO,  HtoCbl 


Phc.  23.  K  Bonpocy  conpayceHHH  xarepHaaa  suipa  (axpaHa)  c  ocHosa- 

HHCM 

a— .3oHa  /7*-.3oh*  rpinyioneTpHaecaoro  cociaaa  rpyHTa  aapa  (aapaiu)  iuothhu,  np«- 
rojMoro  ui  ya.iajKK  a  npHUUMHHH  c  ocHoatHKeu*;  B.  n.-npnwa  npcaea  rpiHy.io- 
MCTpHHccKoro  cocTiBa  rpyHTa  .3ohu  /!•;  H.  n. — hhhcmmA  npaaea  rpanyaOHCTpHiecKoro 

cociaaa  rpyHTa  .3okh  />•; - (nyHKTMp) — hhhchhA  npcaea  rpaHyaoueTpH<iccKoro  co- 

craaa  rpyHTa,  yaaajuaaeuoro  a  aapo  imothhu  (hc  b  lOHe  koht«kti|;  tt„,  Ol7— XHaneTp 
4>paKuifH  rpvHTa  HHUHcro  npeae.ia  ,3ohh  [J‘  h  vxaaauMcuoro  a  aapo  ii.iothhu  (bhc 
aoHTaaTa  c  ochobbhhcu);  pacaeTHuA  pa3Mcp  ippaauH*  rpyHTa  B.  tl.  .3ohu  /7‘; 
IS— caeria  TpemHHU  a  ciaabHon  (h.ih  Octohhom)  ocHoaaHHH;  D|u  - uiHpHMa  utean  (ipe- 

IUHHU). 


3tot  3anpoeKTiipOBaHHuft  hah  noAoGpaHHbift  rpaHy^0MeTpH<iecKHft 
cocTaB  MaTepHa^a  HApa  (3KpaHa)  yAOBA CTBopuJi  6bi  AByM  ochob- 
hum  vcaobhhm: 

I.  HhxhhD  npeAea  rpaHyAOMeTpHiecKoro  cocTaBa  rpyHTa 
„3ohu  /7“  (phc.  23,  a:  Hn),  yAowenHoro  b  HeAoynaoTHeHHOM 

COCTOHHHH  (HTO  MOJKCT  HMeTb  MeCTO  B  30He  KOHTaKTa  B  npOH3- 
BOACTB6HHUX  yCAOBHHX),  no  BOAOnpOHHUaeMOCTH  AOAWeH 
6btTb  MeHbiue,  neM  yn.ioTHeHHbift  rpyHT  (bhb  3ohu  KOHTaKTa) 
Teaa  HApa  hah  sxpaHa  iiaothhm.  HhwhhA  npeAeA  rpyHTa  „3ohu  /7“ 
no  cBoesay  rpaHyAOMeTpHHecKowy  cocTaBy  aoawch  6biTb  6oAee 
MeAKoro  3epHOBoro  cocTaea,  neM  rpyHT  HHWHero  npeABAa  »Apa 
nAOTHHbi  (pile.  23,  a;  nyHKTHp),  yKAaAWBaeMbifl  b  ero  rasnny, 
T.  e.  no  BOAOnpOHHUaeMOCTH  AOA WHO  VAOBACTBOpHTbCH  CAeAyiO- 
wee  ycnoBHe: 

jT-  *  2-5,  •-  (60) 

ii.  n 

rue  *H  n  —  KO»4>4>HUHeHT  ipHJibTpaiiHH  rpyHTa  HHWHero  npeae.ia  „3ohh  /7* 
npH  MHHRMaabHOM  o6i>eMnoM  Bece  (na  npeaeae  njiacTHiHOctii  Vf'T). 


npHieM  MMHHuaJibHuA  o6icMHufl  Bee  rpyiiTa  jc*  b  sone 
KOHTBKTa  AO^DKeH  6bITb: 

Ten'  ^  1  4.  ,T>  (61  > 

Me  A  —  yxeabHufi  Bee  sacTHu  rpyHta  (a/ear»);  tT  —  koscMhuihcht  nopHCTOCTM 
Ha  rpaHHae  reKyiecTH  WT: 

A  WT 

*T  “  lOOf,1  <62> 


rae  7,  —  o6i>eMHuit  sec  boau  w  1  a/eai*. 

On*  opHeHTHpoBOiHbix  pacqeTOB  ycAOBHe  (60)  wower  6urb 
npeACTaBJieHo  b  cAeayiomeM  Bnae  (pwc.^  23,  a): 


Eh*  *  2-5, 

^I7(«.  n) 


(63> 


rj»e  4,7(M  n)— MaxeTp  tppaKiiHft  rpyHra  HHamero  npeaeaa  .3ohh  fj‘.  DI7(>) — 
JWaMCTp  CppaKUHfl  nmcHero  npeaeaa  rpyHra,  yKaaaMBaeMoro  b  roauiy  lapa 
naoTHHU. 

II.  rpaHyaoueTpHqecKHft  coctsb  ua-repHaAa  HApa  Bepxuero 
npeACJia  „3ohm  17“  (phc.  23)  AOAHceH  HasHaqaTbCH  c  tbkhm  pac- 
MeTOM,  mto6u  o6ecneHHBajiacb  ero  Hepa3MUBaeuocTb  no  cymecr- 
ByioiuHM  TpeutHuaM  hah  OMHAaeuuu  b  npouecce  aKcnayaTauHH 
coopyweHHH. 

3to  ycjioBHe  Bupawaercfl  cAeAyiouieft  3aBHCHiiocTbio: 


OTKyAa 


**5<».  n)  >  0.55AU,. 
bn  <  1.8413,'  ■) » 


(64) 

(65) 


rae  4«<«.  n)  —  aHaaerp  ippaiuiHti  rpyHra  aepxiiero  npeaeaa  „3ohu  /7* 
(Phc.  23,  a  h  tf);  Au  —  npeofiaaaaiotuHB  paauep  pacKpum  rpentHH  b  cxaae 
ocHOBaHHa  h  b  6eioHHo(t  noayuiKe  (npo6ae). 

CaeAOBaTeAbHo,  BepxHHfl  npeAea  rpaHyAoiieTpHqecKoro  co- 
craBa  rpyHTa  „3ohu  u“,  npeAH83HaqaeMoro  aah  yKAaAKH  b  koh- 
TaKTHyio  30Hy,  Aojimen  nasHaqaTbca  hcxoah  hs  ycjiOBHfl  Tpe- 
mHHOBaTocrH  ckbau  ochobbhhh  (npeodAaAanmero  pasuepa  cy- 
mecTByiomHx  TpeuiHH)  hah  c  yqeTOu  bo3mo*hojto  TpemHHooGpa- 
30B8HHH  B  nepHOA  9KCI1 A y8TB UHH  COOpyHCOHHH. 

Kpoue  Toro,  a ah  noAyqeuHa  HaHAyquiero  conpnxceHHa  rpyHTa 
HApa  C  nOBepXHOCTblO  OCHOBaHHH,  B  30He  KOHT8KTa  CAeAyeT  yx- 
ABAUBaTb  rpywr  HApa  .ueroAOu  orcunKH  rpyrra  b  BOAy* 

IliHpHHa  KOHTaKTHOFO  CAOH  y  npHMUKaHHH  K  OCHOBaHHtO 
AOAJKHa  6falTb  no  HOpilBAH  K  nOBGpXHOCTH  3— 4  JH. 

npH  yKAaAKe  .Hacyxo*  rpyHT  HApa  haothhu  b  3one  KOHTaicra 
AOA3KBH  yKABAUBaTbCH  C  nOBUUieHHOfl  BABWHOCTblO,  npOTHB  On- 
THMaAbHOft  Ha  2—4%. 

ripH  BunoAHCHHH  yKa38HHux  Buuie  ycAOBHfl,  o6ecneqHBaeTCH 
HaAewHoe  conpaxcctiHe  rpynia  HApa  haothhu  c  ocHOBaHHeu,  t.  e. 
o6ecneqHBaeTCH  (^HAbTpauHOHHaa  npoqHocrb  rpynra  HApa  (sKpana) 
RAOTHHU  B  30He  npHMUKBHHH  C  TpeiAHHOBaTOfl  CKaAOft  OCHOBa¬ 
HHH,  c  6eTOHHoft  noAyuiKoA  h  c  6etOHHOfl  npoOxoft. 
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PA3AEJI  IV.  IlPHMEPbl  PACMETA  MECTHOft 
JIbTPAUHOHHO-Cy <P4>03H0HH0fi  flPOMHOCTM 
rpyHTA  TEJIA  MIOTHHbl  H  TPyHTA  OCHOBAHHfl 

npHMep  1.  OAHopoAHaf  nJtoTHHa  Haubira  H3  nec«a  ochobs- 
hhh  —  oioft  I.  B  ochobshhh  iiaothhu  3a^eraeT  necqaHuA  c noA—l 
h  necsaHO-rpaBe^HCThifl  cjioA— II;  pnc.  12,  a,  a&iacrb  A. 

Tpe6yeTca  onpeAOAHTb: 

a)  cy(fxJx)3H0HH0CTb  (Hecy<fx|)03H0HHocTb)  rpyHTa  reJia  wio— 
THHU  H  rpyHTOB  OCHOB8HHH; 

6)  KpHTHMeCKHft  rpaAHCHT  CycJxflOSHH,  AOfiyCTHMblfl; 

b)  pa3MUB8K>mH6  rpaAHCHTH  Hanopa  B  30He  KOHT8KTOB. 

CocTaB  rpyHTOB 

а)  TpyHT  Tevia  ruiOTHMbi  h  I  cjtoh  ochob8hhh: 

dMm  =  0,01  mm;  d%  ==  0,02  mm,  dl0  =  0,10  MM;  dl7  =  0,14  mm;  dm  =  1,0  mm; 
4mkc  =  3,0  mm;  oOieiiHbiit  Bee  7cr  =  1,77  2/cj«>;  KoscfKfuuHeHT  pa3H03epHHCT0- 

CTH  1]  =  J-  =  10;  nOpHCTOCTb  ft  =  0,33;  ‘  K03(J)({>HUHeHT  {<j)HJIbTpaUHH  sa 

=  0,012  CMjeeic. 

б)  TpyHT  II  caoh  ochobbhhx: 

D„ H  =  0,20  mm;  Dio  =  0,31  mm;  Z>n=0,44  mm;  A»=3,0  mm;  Ou,k  =20,0  mm 
K03(|)(|>HUHeHT  pa3H03epHHCT0CTH  1),,  =9,7;  nOpHCTOCTb  II, ,  =  0,33;  K03(t>(|)HmieHr 
4>H*bTpauHH  *4,  =  0,12  CMlteie. 

1)  OnpeAejiaeM  cy4>4>o3HOHHOCTb  rpyHTa  Tena  iuiothhu  a 
rpyHTa  I  caoh  ochobbhhh  (tcao  iiaothhu  h8muto  H3  rpyHTa  oc- 
HOB3HHS  i  caoh). 

no  3aBHCHMOCTH  (22)  OnpeAO^HeM  AHSMeTp  MaKCHMS  JIbHbIX 

4>HAbTpauHOHHbix  nop  b  rpyHTe 

<*,c  =  0,455%  \f7t  ~-n  d„  =  0,455. 1,50  J/TOy^gjO.l4  s  0,07  mm. 

K03<t>(I>HUHeHT  HepaBHOMepHOCTH  paCKXaAKH  H8CTHU  B  rpyHTe 
HAH  K03(j)<J)HUHeHT  AOKaAbHOCTH  Cy(j)(J)03HH  X  onpeAeAHeTca  no 

4>opMyjie  (23): 

%  =  1  +  0,05r;  =  1  +  0,05- 10  =  1,50. 

MaKCHMaJibHyio  xpynHocTb  naCTHu,  KOTopue  MoryT  6uTb  bu- 
neceHU  H3  rpyHTa,  onpeAeAaeM  no  ipopMy^e  (24): 

=  0,77rf"'*c  =  0,77-0,07  =  0,054  mm. 

B  A3HHOM  rpyHTe  nacTHU,  MeHbuiHX  0,054  mm,  coAepacHTCH 
B%(>3%),  weAOBaTe.ibHo  AaHHbift  rpyHT  aieAyeT  CHHTaTb. 
cy  4>()>03H0HHbIM. 

2)  OnpeAeAHM  3HaieHHe  KpHTHwecKoro  rpaAHeHTa  cy<fxf>03HH,. 
npH  kotopom  MoryT  6biTb  BbiHecenu  H3  rpyHTa  cy<|x}>03HCHHb(e 
nacTHUbi  ( dct ),  HannHan  ot  d^K  h  MeHbiue  (dcl<Z%). 


3HaqeHHe  KpHTHHecKoro  rpaAHeHTa  cytp4>03HH  onpeAOAaeTca 
no  33BHCHM0CTH  (29) 

Y~’  (29) 

rae  f0  —  Kos4>4>HUHenT  KpHTHiecxoti  cxopocTH,  onpeaeaaeTCfl  no  4>opttyae  (30): 

9o  =  0,60  -  1  \f.  sin|M°  4-  oW^-  -  1  jo.26  sin  ^30*  +  =0,079; 

Ick  =  1,77  ijCM3',  ■{,  a  1  tjcM\  6  a  90°; 

/*  =  0,82  -  l,8n  -f  0,0062  (r,  -  5)  =  0,82  — 1,6-0,33  +  0,0062  (10  -  5)  =  0,26. 

flocAe  noACtaHOBKH  3HaqeHnft  b  (29),  no/iymiM 


Ap  =  0,079 dcl 


'  0,33-981 

0,01-0,012 


=  127A/; 


Ap  —  127rfc/- 


rioACTaBJiHH  3HaMeHHH  dcl  b  (29'),  ot  h  Menbiue,  noAy- 
mhm  3HaqeHHe  KpHTHiecKoro  rpaAHeHTa  cycp(j)03HH  aah  xaxcAoro 
pa3Mepa  cy^x{>03HOHHUx  aacTHu  (no  kotopum  MOweT  6uTb  onpe- 
Ae.ieH  %  BUHoca). 

а)  Ecjih  noACtaBHTb  b  (29')  </“,*“  =  0,054  mm  =  0,0054  cm,  to 
noayqHM: 

Ap  =  127-0,0054  *  0,70, 

t.  e.  aah  BUHoca  qacTHu  d^“c  =  0,054  mm  (8%)  noTpefiyercH 
rpaAaeHT  Hanopa  7  >0,70. 

б)  Hah  onpeAejieHHH  rpaAHeHTa  Hanopa,  npn  kotopom  He  na- 
pyuiaeTca  npoiHOCTb  rpyHTa,  b  (29')  CAeAyeT  noACTaBHTb  rfc(< 3%, 
T.  e.  dct  =  dj  =  0,02  mm  =  0,002  cm. 

IlocAe  noACTaHOBKH  noAytHii: 

Ap  =  127-0,002  =  0,254. 

C-rteAOBaTeAbKO,  aah  Toro,  hto6h  b  abhhom  rpywre  Teaa  nao- 

THHfal  H  B  I  CJIOe  OCHOBBHHa  He  B03HHK8A8  6bi  OnaCHSH  ItexSHH- 
HecKaa  cy<}x})03HH,  AonycTHMuft  rpaAHeHT  Hanopa  b  hch,  c  yne- 
tou  K034>4>HUHeHTa  3anaca  (A,),  AOAxceH  fiuTb: 

Aon  <  jj  Ap  =  i^g  W54  =  &23. 

npH  npoBepae  rejia  nAOTHHU  h  ochobbhhh  hb  K83yaAbHyio 
(ofimyio)  $HAbTpaixHOHHyio  npoanocTb  rpyHTa,  AonycTHMuft  koht-- 
pcwiHpyiomHfl  rpaAiieHT  Hanopa  (7,),,  onpeAejiaenufl  no  Tafia.  1 
H  2  AOAHteH  fiblTb  fiOAblllS  HAH  pBBeH  AOnyCTHMOMy,  T.  e. 

(A)«m  >  Am-  (a) 

3)  OnpeAeAaeii  cy4xpo3H0HHocrb  II  caos  rpyHTa  ochob8hhi. 


mu: 


;;,IV  :!■> 


* 


no  3aBHCHuocTu  (22)  onpeAe.iseu  jiiawerp  uaKCHiia.ibHux 
^MJibTpauuoHHUx  nop  b  rpyHTe 

DJ*“  =  0.455- 1.49  i  ^!^0.44  =  <*22  aur. 

*  =  1  -f-  005r;f=  1  -  0.06-9.7  =  1,49. 

MaKCHxajibHaa  icpynHOCn.  iacnm,  KOTOpue  aoryT  6uTb  Bbiae- 
ceau  H3  AaHHoro  rpyHTa,  onpeAejiHu  no  (popxyjie  (24): 

=  0.770*-*  =  0,77  ■  0,22  =  0,17  mm. 

CorjiacHO  3aBHCHuocm  (25),  ecjin  uaKCHuaabHuft  pasuep  cy<j>- 
<po3HOHHbix  Ha  emu  ueHbuie  MMHHuajibHoro  pa3xepa  hbcthu 

rpyHTa  D"m,  hto  axeex  b  abhhom  c-iynae,  t.  e. 

<  0“*  (0,17  MM  <  0,20  MM), 

to  ABHHUft  rpyHT  (II  cion  ocHosaHHa)  JtBJiaeTca  Hecy(J)4>o3H- 
OHHbiu.  M3  ero  cocrasa  ae  uoryr  ObiTb  BbiHeceau  Aaxe  cauue 
-  xejKae  ero  qaenmu  npa  Ato6o a  3HaneHHn  rpaAHeHta  Hanopa. 

CieAOBaTejibMo.  4>H^brpauHORHaa  npoHMocTb  ero,  b  oTHome- 
bhh  MexaHHHecwoA  cy$(po3HH,  6yAer  oCecneneHa  npa  .ik>6ux 
nupoAHHaMHqecKHx  vcaobhhx. 

4)  OnpeAeAeHae  pa3UUBaiomax  rpaAnemoB  Hanopa  b  30He 
■OHT3KTOB.  B  ASHHOM  npHMepe  npHHBTO  —  TpyHT  TCJia  ILflOTHHbf  H 
I  caoft  rpyHra  ochobbhhh  oahhbkobu.  CieAOBarejibHo,  kohtskt- 
aaa  4»»ubTpauHH  OyAeT  aaeTb  jiecro  uexAy  I  a  II  caohmh  oc- 
HOB8HHH  (pac.  12,  a,  O&IKTb  A). 

Kpanraecnift  rpajaeKT  kohtb kthotO  pa3uuBa  h€cbh3hmx 
rpyHTOB  onpeAexaeTCH  no  3aBacHMOCTH  (34): 


*va-  *  (2.3  + 1525*)  o[ s,n  (3®°  -  t)’ 


r*  9,  =  1  —  KO»4>+nuHeHT,  y muBaniiiHH  ipopxy  a  mepoxosaTOCTb  <ucTim; 
dct  —  d,%  =  0,02  mm  —  p«3uep  facrau  MexicosepwHCToro  rpyura  I  cjob  ocho- 
mauua,  cojiepmauiHXca  b  Hen  3%  h  ueHbuie.  or  buhocx  Korapux  npoxHocTb 
■MTaKinOti  30HU  ae  HapymaeTca;  D„  —  cpexHHft  XHanerp  4»UbTpauHO«Hux 
nop  KpynHoaepHBcroro  rpyHTa  (1  caoa  ochomhh*.  onpexexaeTca  no  tsbhch 
MOCTH  (28): 

Da  =  0,455  Dx-.  =  0,455  |  9,7  rr TPra 0.44  =  0,14  mm 

"  1  ~  nn 

• —  yroa  nexjy  HanpaBaeniuiMH  CKopocra  4>HXbTpatiHH  h  ch.iu  raxeem 
flocne  noAcraHOBKii  3HaneHHfl  b  (34),  noAyMHu: 

Jp,,  =  y  (w  +  15  S)  5K sin  l30"  x) 

AonycTHMtiA  paauuBaiouutA  rpaAHeHT  Hanopa,  c  yneTou  ko 
s^nuaeHTa  aanaca,  6yAet: 


0.42  =  0,38. 


mi 


*  .< 


H3  npHBe.neHHbix  pacneTOB  c.iejyeT,  uto  sa  pacMeTHbifl  ao- 
nycTHMbifl  KOHTpoAHpyiomHft  rpaaneHT  Hanopa  a.ih  AanHoro 
CAynaa  CAeAyeT  npHHarb  MHHHMa.ibHbifl  rpaAHeHT  cy<p(p03iiH  no 
33BHCHMOCTH  (a),  T.  e, 

(A)xon  -  Aon  =  0,23. 

ripHMep  2.  IlAOTHHa  HMefiT TpySnaTUH  ApeHa*  (pnc.  12 ,a  h 
pwc.  20).  Tpe6yeTca  onpeAeAHTb  a  ah  AaHHoro  THna  ApeHaxca 
pa3Mepu  ApenaiKHoft  npH3Mbi,  ecAH  rpyHT  TeAa  h  ocHOBaHna  n.io- 
THHbl  HMeeT  <J)H3HHeCKHe  X8paKTepHCTHKH,  npHHHTbie  B  npHMepe  1. 

B  n.  3.6  CKa3aHo:  htoQu  He  nponcxoAHAO  Aec|)opMauHfl  rpyHTa 
b  o6a3Cth  Apenaaia,  pa3Mepu  ApeHawHoft  npH3Mbi  aoajkhu  CbiTb 
T3KHMH,  HTOSbl  BXOAHOfl  rpaAHeHT  HanOpa  yBX  6blA  6bl  MeHbUje 
hah  paBeH  AonycTHMOMy,  t.  e. 


Ax  *-■  A on  —  fc  Ap. 

"san 

M3  npHMepa  1  HMeeM  J,a„  =  t— Ap 

^3an 


(20) 


0,23,  CAeAOBateAbHO 


7.x  0,23. 

J\jih  onpeAeAeHHfl  pa3MepoB  Apena>KHOft  npii3Ubi,  113  cpopMy- 
Abi  (50)  cAeAyeT  onpeAeAHTb  «>  —  nAomaAb  xchboto  cchchhh 
<J)ha bTpauHOHHoro  noTOxa,  BxoAflmero  b  ApeHaxHyio  npH3My  h 
OTHeceHHyio  k  1  not.  m  ApeHaxa  (pnc.  20); 

Q 


=  1  i  = 


W) 


Pac«ieTHbie  AaHHbie: 

—  ifiHJibTpauHOHHbitt  pacxoa  b  apeHaw  <?  =  0,093  Ajcetc  =  8,0  M‘:cym, 

—  Koa^HUHeHT  4>H.ibTpauRH  rpyHTa  Tea  a  (h  ocHOBamoi)  imothhu  = 
=  0,012  CMjceK  =  10,4  M\cym ; 

—  BxoAHoii  rpaaneHT  Hanopa  AOJtuceH  OuTb  MeHbiue  hjih  paBen  aonycTnuoMy, 
npHHHMaeM  Jn  —  Aon  =  0,23. 

riOCAe  nOACTHHOBKH  3H3HeHHft  B  (6)  nOAyVHM  (pHC.  20): 

0  8,0 

"  =  1  L  ~  =  10,4-0, 23  =  3i35  MK 


OTKyAa 


1  —  (l  T  ^3  n*  /,  *r  /j  =  3,35  M. 


ripH  A3HHOM  pa3.wepe  cMOMeHHoro  hepHMeTpa  ApeHawHofl 
npH3Mbi,  BXOAHOfl  rpaAHeHT  /„  6yAeT  paBeH  AonycTHMOMy  A„„. 

OTAeAbHbie  pa3Mepbi  ApeHawHoft  npH3Mbi  no  pnc.  20  Mory-T 
<$UTb  Ha3HaieHbi: 

/,  =  0,10  M 
l,=  1,20  m 

h  =  1.00  M 

l.  =  1,20  m 
h  =  0,10  M 
L  =  3,60  m. 
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n p h m e p  3.  beTOHKan  n.ioTHHa  pacrronojKeHj  Ha  neciaHOM 
ucHOBaHHii,  HMeiomew  c.ieAyiouine  oCHOBHue  <Jw3H'iecKHe  xapaic- 
TepiiCTHKii  rpyHTa: 

—  o«ja.eMHbift  sec  cyxoro  rpyHTa  =  1,77  z  cm3; 

—  nopiiCTOCTb  n  =  0,33; 

—  yAe.ibHuft  Bee  Maiepnawia  aacTHu  rpyHTa  A  =  2,65  z  cm *; 

—  nanop  na  nnoTHny  Z  =  20  m. 

Ha  pnc.  15  npHBeACH  BbixoAHOft  $parMeHT  noA3eMHoro  koh- 
xypa  n.ioTiiHbi  c  ahkhhmh  paBHUX  Hanopos  h  snsopoft  rmxo.i.hwx 
rpaaHeHTOB  Hanopa  J„ux  =f(x).  JIhhhh  paBHbix  HanopoB  nocTpoeuu 
nepe3  0.1Z. 

MaKCHMaabHoe  3Ha*ieHHe  bhxoahoto  rpaAHeHra  Hanopa  b  hhhc- 

HHtt  6be4>  (COraaCHO  (pHJIbTpaUHOHHblM  HCCAeAOBaKHflM)  COOTBeT- 
CTByeT  3HaqeHHio  y,Mxs=:l,58. 


Tpe6yerca  onpeAe.iHTb: 

а)  KpHTHqecKHft  rpaAneHT  Bbinopa  aah  ashkoto  rpyHTa  ocho- 

BaHHft; 

б)  TOAtUHHy  H  AAHHy  npHrpy3KH  B  06AaCTH  BbIXOAa  (pH.lbTpa- 
miOHHoro  nOTOKa  b  hhjkhhA  6be$- 

IX-m  peuieHHH  yKa3aHHUX  Buuie  BonpocoB  eneAyet  noAb3o- 
saTbCH  yKa3aHHHMH,  npHBeAeHHbiMH  b  n.  3.5,  2°(1). 

1.  OnpeAejieHHe  KpHTHnecxoro  rpaAnenTa  Bbinopa  7r8p  aah 
AaHHoro  rpyHTa  ocHOBaHHH  npH  OTCyTCTBHH  npnrpy3XH  b  MecTe 
BbixoAa  <pn,ibTpaUHOHHoro  noroKa  b  hhwhhA  6be4>. 

KpHTHnecKHfl  rpaAHeHT  Bbinopa  onpeAejiaeTca  no  3aBHCHMo- 
cth  (41): 

7’p  =  (£  -lj(l-n)  =  (nr-ljd-  0.33)  =  MO; 
rae  3  =  2,65  z  cm*;  7,  s-  1,0  z  cmH  n  =  0,33. 

3HaneHHe  >  7“p  (1,58  >  1,10).  B  TaKosi  cjiyaae  AO-iacHa 
6biTb  ycTpoeHa  npnrpy3Ka  b  o6.nacTb  BbixoAa  (pHAbTpauHOHHoro 
noTOKa  b  hhwhhA  6be<|>. 

2.  OnpeAeAeHne  toaiuhhu  h  aahhh  npHrpy3KH.  TonmMHa 
caoh  npHrpy3KH  T  onpeAe-aaeTCH  no  4>opMy;te  (43): 

^  f  (7«mx  —  ^Ip)  ^  *3JH- 

OnpeAe.iHM  3HaneHHH,  BXOAamHe  b  ifcopMyjiy  (43). 

t  —  TOAiUHHa  caoh  rpyHTa  ochob8hhh,  cooTBetCTByromaa  Kpn- 
TunecKOfl  r-iy<3HHe  30Hbt  Bbinopa,  onpeAeAaeTca  no  npHseAenHoft 
b  n.  3.5,  2°(1)  MeTOAHKe. 

Ha  buxoahom  (JjparMeHTe  noA3eMHOro  KOHTypa  coopyweHHa, 
nepe3  ero  KoHeanyio  tohkv  npoBOAHTca  pacieTHaa  BepTHKaAb  „y*, 
Kan  no><a3aHo  Ha  pnc.  15. 


Ha  aroA  pacneTHoA  Be  pTHKajiH  crpoHTca  aniopa  pacnpeje.ie- 
hhb  rpa^HeHTOB  J  --  /(>>)  no  TOtKau  nepeceiewis  paciemoft 
BepTHKajiH  „y*  c  jihhhhmh  paBtiux  uanopoB  (tohkh  1,  2,  3 . . .). 

Hah  npHBeACHHOro  n  pH  we  pa  no  pwc.  15,  paccroxHHii  no  aep* 
THKaJiH  ot  noBepxHOCTH  HHiKHero  6be4>a  (or  TOHKH  A),  COOTBCT- 

CTByioiuHe  3arjiy&ie’iHflM  Toqeic  1,  2,  3 _ _  nanopu  n  rpaAH- 

eHTU  6yAyr: 

y,  =  1,6  m  -  5hy<  =  2  M~Jy=  135 
y,  =  4,2  M  ^  =  4  M  -  Jy%  =  096 

y3  =  6.8  m  -  ihyt  =  6  =  0.88. 

no  HOJiyaeMHuu  abhhum  crpoHTca  amopa  Jy  =  f(y),  me 
noKB3aHo  Ha  puc.  17. 

no  noJiyneHHouy  3HaMeHH»  J*p  —  1,10,  oTJioxeHHOuy  no  ocm  Jf 
(pwc.  17)  onpeae.ifleTCH  TOJiumHa  cjioh  t  =  y* 

B  AaHHOM  CJiy  wae  t  =  2,50  *;  =  1 ,58;  J*p  =  1 ,10;  7t~l  m  j «*; 

Tnp  —  1,80  m  m*  (o6T.enHtifl  Bee  uaTepnajia  npurpysKH);  *„.= 1,50. 

nocjie  noAcraHOBKH  3HaieHHA  b  (43)  nojiyHHM  TOJiuiHHy  cjioh 
npHrpy3KH 

T  =  2,50  (1,58  ~  1.10)  150  =  1.0  Jt. 

A-iHHa  npHrpy3KH  onpeAejixeicx  no  anope  buxoahux 
rpaAHeHTOB  =/(*). 

3Han  y,p  =  1,10,  HaxoAHM  mb  jihhhh  =  /(jc)  tonxy,  coot- 
BercTByiomyn  /„  =  1,10,  n  b  xacuiTaOe  onpexeanen  x.p  =  3  ji, 
c  yneTOM  =  1,5,  nanyaiuf 

In p  =  W«r  =  13-3  -  45  m. 

TlpMMeaaHHR:  1.  MaxepHM  npnrpysn  Moser  6ut»  ■  cyxoo  uiw 
B3MmeHHOM  COCTOBHMH  (nptt  H8JHXHN  BQUi  •  H6). 

2.  MnepiM  npHrpysm  •  aom  KOfrrarr*  c  rpynroM  ochomhm  jnina 
yuaauBiTkCi  no  npnnuiny  oOpamoro  #MXkfp«. 

npHuep  4.  B  OCHOB8HHH  bjiothhii  (pwc.  12,0,  oCxbctb  B; 
pHC.  18)  3aJieraeT  oTHOCHreJibHO  tohkhA  tjikhkctuA  (I)  cjioA 
rpyirra  tojiiumhoA  1„s=4  m.  BtopoA  c.ioA  (II)  neciaHO-rpaBejiH- 
cthA.  AeAcTBynuiHA  Ha  nxoTHHy  Hanop  Z=<V  <VBB— y  yHB)= 
=  20  j*. 

B  A8HHOM  CJiynae  TpeCyeTca: 

a)  nposepHTb  cjioA  rxHHHCToro  rpyHTa  ochob8hhh  b  oCjibcth 
HHHCHero  6be4>a  Ha  MecmuA  4>HXhTpauHOHHuA  Bunop; 

0)  MMenrrb  cooTBercTByioiuHe  weponpHMTHa,  oOecneiHBaio- 
ouie  4>HJH>TpauHOHHyK>  nponHOCTb  rpyHTa  ochobbhhh  npH  bmxoac 
<)>HXbTpauHOHHoro  noTOxa  b  hhikhhA  6be$. 

1.  OnpexexaeM'  AeAcTByioimiA  rpaAHeHT  Bunopa  b  hhjkhoh 
6b a*  caoA  MHHHcroro  rpyHTa  TOAinnHoA  l«  =  4x  no  npH- 
CxHXeHHOA  3BBHCHM0CTH  (47) 
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Una  AaHHoro  r.iHHHCToro  rpyHTa  ochob3Hhh  kphthhCckhA 
rpa^HeHT  Bbinopa  (npu  otcytctbhh  n pnrpy3xn)  6yjeT: 

•'Ip  =  (£  -  «)0  -  n)  =  I^y-  ~  ,)1  “  °-37>  = 

rue  i  =  2,72  iIcm?  —  yaejibHwit  sec  lacrHu  raHHHcioro  rpyHTa;  y*  *  1  t/cji3  — 
oOMMHbifl  Bee  BOjibi;  /i  =  0,37  —  nopHCTOCTb  rAHHHCToro  rpyHTa. 

H3  conocTaBjieHHH  rpaAHeHTOB,  HueeM: 

7um  >  J*p  (2,5  >  1,08), 

hto  yKa3usaeT  Ha  HeoOxoAHMocrb  3amiiTbi  rAHHHcroro  rpyHTa 
ot  Bbinopa  b  ofijiacTH  HHwnero  6be4>a. 

2.  BbiOop  MeponpHHTHtt  aah  oGecneqeHHH  $HAbTpauHOHHoA 
npoMHocTH  rpyHTa  ochob3hhh  b  o6a8CTh  HHwnero  Sbeipa. 

Ha  a  o6ecneqeHHa  4>H,/ibTpauHOHHoA  npoiHOCTH  rAHHHcroro 
rpyHTa  ocHOBaHHH  b  hhwhcm  Obecpe  MoryT  6uTb  HaMeieHu  Asa 
BapnaHTa  ueponpHHTHA  (pnc.  18): 

1)  npnrpy3Ka  cjtoes*  6oAee  KpynH03epHHCToro  rpyHTa,  coot- 
BeTCTBviomeft  toauthhu  h  aaiihu; 

2)  ycrpoflCTBo  BepTHKaAbHoro  pa3rpy30iHoro  Apenawa. 

B  abhhom  cjiytae,  n pH  rpa^HeuTe  Bbinopa  Jam  —  2,5,  noTpe- 
GyeTca  m/imHHa  oioa  npHrpy3KH  (npu  fnp  =  1 ,75  m, m3  h  «=0,34), 
npH  OTcyTCTBHH  boan  b  hhwhcm  6be<|>e: 

T  =  /„  (-W  -  j; p)  ~  k3M  =  4  (2,5  - 1.08)  ^  1.5  =  5  m. 

ripH  H3AHMHH  BOAU  B  HHWHCM  6bei}>e,  K0TA3  MBTepHHA  IlpH- 
rpy3KH  B3BeiueH,  t.  e.  npH 

t""  =  "(ck  -  (1  -  «)  T»  =  1,75  -  (1  -  0,34) -1  =  1,09  «/*> 

TOAiAHHa  np«rpy3KH 

T  =  4  (2,50  -  1.08)  jjfr  ■  1,5  =  7,8  m. 

Ohobhaho,  b  abhhom  CAynae  noTpe6yeTCH  yCTpoAcrBO  Bep- 
THKaabHoro  pa3rpy30HHoro  ApeHawa  (pnc.  18). 

OKoHnaTeAbHoe  pemeHHe  Mower  6biTb  npHHHTO  b  pe3yAbTaTe 
TeXHHK0-3K0H0MHMeCK0r0  CpaBHeHHfl  BapitaHTOB. 

ripHMep  5.  KaMenHo-3eMA»Han  iiAOTHHa  c  cy  tahhiictum 
hapom  ycTpaHBaeTCH  b  y3KOM  KaHbOHe  Ha  rpeuiHHOBaToA  cKaae 
OCHOBaHHH,  pHC.  12 ,6. 

TpeSyei-CH,  b  ueanx  o6ecneqeHHH  4>HAbTpaunoHHoA  npoMHocTH 
MaTepHaaa  HApa  b  aoHe  npHMUKaHHH  c  TpemHHOBaToA  CKaaoA 
OCHOBaHHH,  noAo6paTb  hs  MaTepwaAa  HApa  6oaee  KanecTBeHHuA 
coctbb  rpyHTa  aah  y kabakh  ero  b  KOHTaKTHyio  30Hy. 

Ha  pHC.  23  npeACTaBAeHa  ,3oHa  rpaHyaoMeTpHqecKoro  co- 
CTaBa  Marepnajia  HApa  nAOTHHu",  oiepqeiiHafl  cHioy  ny hkthpom 
h  CBepxy  cnAOiuiiofl  Amine!)  (Bf1). 


CoaepwaHHe  mhhhctux  iacTHu  d  <  0,005  mm  KOAeO.aeTCH 
b  npejie-iax  ot  5  ao  15%. 

MaKCHMaAbHbie  (ppaKUHH: 

а)  hhwhhA  npeAeA  30hu  (nyHKTHp) — 100  mm; 

б)  BepxHHft  npeAeA  30hu— 6  mm. 

ripeo6AaAaiomHji  pa3Mep  uiHpHHbi  Tpem,HH  CKa.au  ocHOBamia 
cocTaBJiaeT  bm=  1,5  mm. 

J\na  noA6opa  H3  Toro  we  cociaBa  MaTepxajta  HApa  Gojiee 
Ka hcctbch Horo  ero  coeraBa,  npuroAHoro  A.an  vkasakh  b  3ohc 
KOHTaKTa  c  tpemHHOBaToft  cxa^oft  ocHOBaHHH,  weAyer  pyKOBOA- 
CTBOBatbca  peKOMeHAauHHMH,  npHBeAeiiHbiMH  b  pa3AeAe  3.9. 

1.  OnpeAe/iemie  h  h  m  Hero  ripeAeAa  rpaHy^oMt-TpHnecKoro 
cocTaBa  rpyHta  ,3ohu  /7“  (puc.  23,  a,  HI7). 

a)  MHHHMa^bHbifl  oS-beMHbifl  Bee  rpyHTa  yKAUAmiaeMoro 
n  aoHy  KOHTaKta  Ao.i*eH  CuTb: 


(61) 


B  abhhom  cjiynae  iiMeeM: 

—  yAejibHufi  Bee  uaTepuaJia  qacTHU  rpyHTa  n.apa  A— 2,70 1  cm3; 
—  BepxHHft  npeAe^  iiAacTHmiocTH  W,  -  35,5%; 

—  OObCMHblft  Bee  BOAbl  ■(,  l  t  CM3. 

K 03(J)<J>n uhcht  nopiiCTocTH  Ha  npeAe^ie  TeKynecTH  U7„  onpe* 
Ae^HeTCH  no  (popviyAC  (62): 


AIT,  2.70-35.5 

*T  —  100a,  ~  100  1 


=  0.96. 


rioCAe  IlOACTaHOBKH  3H3 hChhA  b  (61),  no.iyHHM: 


T.k  >' 


2.70 
1  T-0,96 


=  1,38  Z',CM\ 


6)  H  it  w  h  h  ft  npeAe-n  rpaHy.’iOMeTpHHecKoro  eocTaBa  rpyHTa 
„3ohm  77“  Ao.DKeH  yAOBJieTBopaTb  yc;ioBHio  (63): 


°?7(.l 


2-5. 


rae  DI;(J)  =  0,05  mm  -  anaMerp  ^pjkuhh  HHiKHero  npeaeaa  rpyut.-i,  yKjia.iij- 
aaeiioro  b  Toamy  lupa  naonitiu  (Biie  30hu  KoiiTaKTa);  Z>|7(„  n)  =  0,02  mm  — 
ANatieTp  (ppaKUHH  rpyma  HHiKHero  npeaejia  ,3omu  /7*. 

flocae  noACTaHoBKH  3HaieHnA  b  (63),  noAyHHM: 


0,05J 

0,028 


=  6,25. 


ycjioBHe  (63)  npn6AH3HTeAbHO  yAOBAeTBopneTcB. 

2.  OnpeAeAeime  Bepxnero  npeAeAa  rpaHyAOMeTpimeCKoro 
cocTaBa  rpyiiTa  ,3ohu  /7“  (p«c.  23, 6). 

BepxHHft  npeAeA  rpaHyAOMeTpwHecKoio  cocTaBa  rpyiiTa  ,3o* 
HU  //*  tla.lllit'iaeTCH,  HCXOAH  H3  yCAOBHft  TpeiUHIlOBaTOCTH  CK8AU 


ocnoBaHHH  (npeoCAaAaicuiero  pa3i;epa  umpHHU  TpeuiHH)  hah 
OHCHAACMoft  rpeutHHoearocrH  (6eroHHoli  noayuiKH,  npo6KH)  b  ne- 
pHOA  BKcnAyaTauHH  coopyjKCHHH. 

B  ashhom  npHwepe  npeofoiaAaiomHA  pasMep  TpeuiHH  co- 
craBAHeT  bm  —  1,5  mm. 

HepaaMUBaeMOCTb  rpyHTa  »Apa  uaothhh  no  TpeuiHHau  Cvact 
oCecneueHa  b  tom  CAynae,  ecAH  yAOBAeTBopfleTcn  ycAOBiie  (65), 
t.  e. 

ftui  <  '  >8^85(1.  n)- 

B  AaHHOM  CAyqae  (pnc.  23,  a)  dti  —  0,90  mm,  npn  btom  pa3- 
Mep  TpeuiHH  MowteT  6uTb: 

bm  1,8  0,90  =  1,62  mm. 

t.  e.  ycAOBHe  (65)  yAOBAeTBopneTCH. 

CAPAOuaTeAbHo,  b  ueAiix  oCecneMemifl  (fmAbTpauHOHHoft  npow- 
hocth  rpyHTa  supa  b  npHMUxaHHH  k  6opTaM  KarnoHa  mojkct 
6biTb  peKOMeHAOBaH  aah  y kabakh  b  KOHTSKTHyio  30Hy  rpauyAO- 
MeTpHiecKHft  coctsb  rpyHta  „3oh«  /7“,  phc.  2 23,  a. 
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4°.  OAHopOAHoe  oc HOBaHwe;  naoTHHa  hmcct  noHyp . 

5°.  HeoAHopoAHoe  ocHOBaHHe . 

2.5.  4>HAi>TpaiuiR  b  reae  iuothhu  b  o6xoa  3y6a  (ne  saBepueHHoro  caepxy 

RAPOM  HAH  SKpBHOH)  . . 

PA3AEJI  III.  PACKET  HOPMAAbHO#  •HAbTPAtlHOHHOR  nPOKHOCTN 
rpyHTA  TEJIA  nAOTHHM  H  rpyHTA  OCHOBAHPB 

3.1.  OOlUHe  ITOAOIKCHHR . 

3.2.  OCHOBHUe  BHAU  ^HAbTpaUHOHHUX  Ae^OpMatUft  B  3EMARHUX  H  M- 

MCHHO-3CMARHUX  IIAOTHHaX . . . 

3.3.  MeTOAu  pacwTa  no  onpcAeaenHio  ^HAbTpauHOHRUx  M$opnmnlt 

rpynTOB . . . 

1°.  OnpeAcaeHRe  ochobhwx  reo+iUHRecKNX  h  pacaeTHux  xapairrepH- 

CTHK  rpVHTOB . 

2°.  OripeAeaenne  cy$$03H0HHOcTn  (necy^OMOHnocni)  rpyntoB  h 

npooeKTa  aunoca  cy^+oanoitaux  racthu . 

3°.  OnpeAeaeHRe  kphthhac  rax  rpaxatHToa  h  cKopocreN  cy$$oanH 
4°.  OnpejeaeHHe  kpbtrhmkhx  rpaAHenTOB  m  acopocreA  xotiTamioro 
P83MUBR  HCCBUIHU  ■  CRR3HMX  (rAHHHCTUX)  FpyilTOB . 

3.4.  Ootnne  yicaaama  «  mcbbtam  *njbTpattaoiiiK>-cyt+oaao«Hux  AR*op. 

mrizhA  rpynTOB  (no  5T  n.  T,  T,  4*) . 

3 JS.  OnpeieacnM  paapymaiotitHx  rpax iwffoa  Bunopa  rpyiira  n  atpu 

OOpbObi  C  MeCTHWM  ^HAbTpaOBOMIUM  BwnopoH . 

1*.  Pacqeniue  ♦opnyau  aar  ptmemu  sum,  cbrsahhux  c  aunopoM 

rpyHTA . .  .  ....  . 

2°.  Mepu  Oopbtfu  C  MCCTHHM  $H4bTpAAHOHHUM  BunOpOH . 


а)  Bunop  rpyma  np«  buxom  (pHXbrpauHOHHoro  noToxa  b  hhkhhr 

6be<p  (pHc.  15  h  16)  .  .  .  * . 

1.  OnpeaejieHHe  toauihhu  n  aahhu  npHrpyjKH . • 

2.  Pa3rpy3on"'*  apeHa* . 

б)  Bunop  rp;...a  npw  buxom  $HAbTpamcoHHoro  noToica  Ha  otkoc 

3.6.  H^puaabHaa  (uecTHaa)  4>nabTpauHOHHa»  npomocTb  rpyma  a  ofiaacTH 

■ijjyfiiaToro  apeHawa . 

3.7.  JleijiopMauHa  Bepxoaux  otkocob  ot  BoaaetfCTBHit  bojh . 

3.8.  <pHabTpauHOHHaa  npoxHOCTb  npoTHso<t>HAbTpauHOHHux  ycrpottcTa: 

noHypa,  axpaHa,  sapa  hjiothhu . 

3.0.  4>H*bTpauHOHHaii  npoiHocrb  rpvHra  a.upa  (SKpaisa)  b  sohb  KoHrairra 

(npM  conpfluceHMH)  co  cxaaoH  ocHOBaHHfl . 

PA3AEJI  IV.  nPHMEPU  PAC4ETA  MECTHOR 
♦HAbTPAUH0HH0-Cy-»P03H0HH0fl  TIPORHOCTH  rPyHTA  TEJtA  IMOTMHM 
M  rPyHTA  OCHOBAHMS 

ripHMep  1 . 

npHuep  2 . 

npHuep  3 . 

npHuep  4 . 

npHuep  5 . . . 

Chhcok  AHTepiTypu . 


pyKOBOICTBO  no  PAC1ETAM  ♦HJIbTPAUHOHHOR  tlPOHMOCTH  IMOTHH 
H3  tPyHTOBUX  matephaaob 
n-ii-7a 
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3.4. 


3.5. 


3.6. 

3.7. 

3.8. 

3.9. 


Determining  the  Piping  Capacity  (Nonpiping  Capacity) 
of  Soils  and  the  Percent  of  Removal  of  Piping  Particles 
Determining  the  Critical  Piping  Gradients  and  Rates 
Determining  the  Critical  Gradients  and  Rates  of  Contact 
Erosion  of  Noncohesive  and  Cohesive  (Clayey)  Soils. 

General  Instructions  for  Calculating  the  Seepage-Piping 
Deformations  of  Soils  (from  3.3,  pp.  2°,  3°,  4°). 

Determining  the  Destructive  Heaving  Gradients  of  the  Soil 
and  Measures  to  Combat  Local  Seepage  Heaving 
Mathematical  Formulas  To  Solve  Problems  Related  to 
Soil  Heaving 

Measures  to  Combat  Local  Seepage  Heaving 

a)  Heaving  of  the  Soil  When  the  Seepage  Flow  Emerges 

in  the  Tailwater 

1.  Determining  the  Thickness  and  Length  of  the  Overload 

2.  Overload  Drain 

b)  Soil  Heaving  When  the  Seepage  Flow  Emerges  on  the  Slope 
Normal  (Local)  Seepage  Strength  of  the  Soil  in  the  Pipe 

Drain  Area 

Deformation  of  the  Upper  Slopes  Due  To  Wave  Action 
Seepage  Strength  of  Impervious  Devices:  Blanket,  Face  Shield, 
Core  of  the  Dam 

Seepage  Strength  of  the  Soil  of  the  Core  (Face)  in  the  Contact 
Zone  (With  Contiguity)  With  a  Rock  Foundation 


PART  4.  EXAMPLES  OF  CALCULATING  LOCAL  SEEPAGE-PIPING  STRENGTH 
OF  THE  SOIL  OF  THE  EMBANKMENT  OF  THE  DAM 
AND  THE  SOIL  OF  THE  FOUNDATION 


Example  1. 
Example  2. 
Example  3. 
Example  4. 
Example  5. 
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